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There is a TIME to be born, and a time to die. 

Vreme este sa te nasti si vreme sa mori. 

* Ecclesiastes 3, 2 / Ecclesiastul 3, 2 

There is a TIME to love, and a time to hate. 

Vreme este sa iubesti si vreme sa urasti. 

* Ecclesiastes 3, 8 / Ecclesiastul 3, 8 

There is a TIME to speak, and a time to be silent. 

Vreme este sa taci si vreme sa graiesti. 

* Ecclesiastes 3, 7 / Ecclesiastul 3, 7 

There is a TIME to weep, and a time to laugh. 

Vreme e a rade, vreme e a plange. 

* Ecclesiastes 3, 4 / Ecclesiastul 3, 4 
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Preface 


Familiarity, it is said, breeds contempt. That may be because 
familiarity does not necessarily mean full understanding or 
comprehension. This is certainly true about time. Time is 
one entity that everyone would aver he or she knows and 
knows well! Yet, the simple and preliminary question, 'What 
is time?' would leave one baffled. 

As one attempts to come to grips with time, one en¬ 
counters a number of incongruities. Time is one of the three 
fundamental entities that are measured. Yet, unlike the other 
two, viz. length and mass, time is not tangible. It cannot be 
seen or handled. It has no size or shape or colour. It has no 
volume, nor mass. Still man not only measures it, but has 
also gone to great lengths to improve accuracy as well as 
the sensitivity of that measurement. Time cannot be defined 
in absolute terms. It is an expression given to the psycho¬ 
logical impression one has of intervals between two events, 
of differing magnitudes of those intervals. Time thus is only 
a measure of those magnitudes. 

Time assumes a mystic, surreal character when one 
realises that it has no beginning nor end. It is eternal. It flows 
only in one direction, from the past to the future, though 
mathematics tells us that there is no reason why it cannot 
flow in the reverse direction. 

As if these absurdities were not enough, Albert Einstein 
queered the pitch by promulgating that time is the fourth 
dimension in which the universe exists, that it is inseparable 
from space. Further, there is no absolute time but that it is 
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dependent on the frame of reference of the observer. This 
paradigm shift in the already feeble comprehension of time 
has made it appear almost ethereal. 

Perhaps Einstein or Stephen Hawking, who dared to 
write A Brief History of Time, can claim to have understood 
time in its entirety. Mere mortals like us can only make a 
brave attempt to do so. This is one such attempt. Those who 
jump in where angels fear to tread may be fools. Without 
venturing to take such leaps, however, one cannot even be¬ 
gin to become wiser. 


BALPHONDKE 
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31 DECEMBER, 1999 


And once again Vikram turned back. He walked up to the 
tree. Vetal, the spirit, was hanging from one of the gnarled 
branches, upside down like a bat. Without uttering a single 
word, Vikram brought down the lifeless body inhabited 
by the spirit and heaved it over his shoulder. He started 
walking towards his destination, determination writ large 


in every stride. 



Fig. 1.1: Vikram-Vetal. 


For a while no one 
broke the eerie silence. 
Then the genie started 
speaking, "I appreciate 
your perseverance, Vikram. 
Still, I pity you. Come out 
of your reverie for a mo¬ 
ment and look around you. 
It is New Year's Eve, the 
night of 31 December, 1999. 
The whole world is busy 
celebrating the dawn of a 
new millennium. People 
have thrown all kinds of 
highly enjoyable parties. 
Entire cities are illuminated 
with lights dancing to en¬ 
thralling tunes. Everyone is 
busy having the time of his 
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life. Except you, of course. Instead of joining in the merri¬ 
ment, you are treading this desolate path. With an old shriv¬ 
elled spirit like me for company, what do you expect to get 
out of this futile task? Why are you wasting these precious 
moments on a foolhardy job? Why are you stuck in this 
groove of a beaten track instead of making a foray into vir¬ 
gin territory brought to light by the incoming millennium?" 

Vikram maintained his silence and kept walking with 
renewed fortitude. 

Seeing his resolve, Vetal started on a new track. He 
asked, "Perhaps you belong to that weird group of a handful 
of people who believe that the new millennium is not yet 
around the corner; that everyone has made a serious mistake 
in counting time and is commemorating the new millennium 
a full year in advance. If so, then tell me, when does the old 
century come to an end according to the rules of measu¬ 
rement of time. When does a new millennium begin? And 
talking of a millennium, what exactly is it? Is it similar to, 
what some joker said, an element like radium or uranium, 
newly discovered by some oddball scientist? Tell me. If you 
refuse to do so in spite of knowing the answers, your head 
will splinter into a thousand pieces. So the choice is yours." 

Vikram was forced to break his vow of silence. He 
started speaking even as he kept going forward, "No count 
begins with zero. It always begins with the number one. 
When one starts studying arithmetic in school, the number 
one is the first number to be learnt. One comes across the 
number zero for the first time only after the number nine 
and that too as a part of the number ten. Only when the 
count of ten is over is a decade completed. Likewise only 
after one has counted up to a hundred, is a century com¬ 
pleted. 

"Suppose Sachin Tendulkar is batting. He is throwing 
Shane Warne out of the ground. He is sending Brett Lee 
nonchalantly to the cover boundary. He has completed 
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ninety-nine runs. Do 
we say that he has 
scored a century? 

No. Not even when 
he turns the next ball 
to the mid-wicket 
area and starts 
running. Only when 
he reaches the crease 
at the non-striker's 
end, before the 
fielder throws the 
ball to the bowler, 
would he complete 
that run. And only 
then we would say 
that he has scored 
yet another century. 

If the bowler collects Fig. 1.2: A century means a hundred 
the ball sent in by the completed runs, 
fielder and throws 

off the bails while Sachin is still half way down the pitch, he 
is run out. Even if he is only half a centimetre short of that 
crease he is still run out. And he starts walking back deject¬ 
edly to the pavilion with only ninety-nine runs to his credit. 

"What holds good for Sachin is also true of Father Time. 
He has been batting for ages, since long before we started 
keeping the score. In fact, he never gets out. Only we, keep¬ 
ing a record of his score, do. And then someone else takes 
our place and the counting goes on. Father Time has com¬ 
pleted one thousand nine hundred and ninety nine runs 
since we started keeping count. He would start taking the 
two thousandth run at the stroke of midnight tonight. The 
crease at the other end is still a long way. Only when he 
reaches that would he complete the two thousandth run. 
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Only then would he have completed two thousand runs as 
per our count. Only then he would start afresh on the third 
millennium of his score. So, if we wish to celebrate the 
completion of the second millennium we would have to wait 
another three hundred and sixty-five days. To be precise we 
have to wait till the midnight of 31 December, 2000. At that 
stroke we can blow the trumpets, beat the drums and usher 
in the new millennium. Not until then." 

The purpose of the genie had been served the moment 
Vikram broke his vow of silence. It disappeared from his 
shoulder and took its place on the withered tree. 
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Once again King Vikram turned back. With remarkable pa¬ 
tience he brought the genie down from his perch on the tree 
and put him on his left shoulder. With his sword drawn, he 
started walking with grim determination. 

Convinced that he would not break his silence unless 
compelled to do so, Vetal started conversing with him/'Oh 
Vikram, you told me about keeping count of the march of 
time. This implies that time can be measured. Normally we 
measure discrete entities. Like the mangoes on the tree over 
yonder. We can count mangoes. We can see them. We can 
handle them. So time must also be something similar. Some¬ 
thing tangible. Or else it must be like distance. We cannot 
handle distance. But we can see it. We can ask how far one 
tree is from another. Even if we cannot handle distance, we 
can determine it with reference to two separate objects. So 
tell me, which of these things is time like? What is its shape? 
Is it smooth like a sphere caressing our hands with its ten¬ 
der touch? Or is it very angular with its spikes trying to 
bore into our palms? Or again, is it irregular in shape like a 
stone? And what is its volume? Its weight? Colour? If you 
decline to tell me even though you know the answers to 
these questions, you will drop dead instantly with your head 
blown apart into a thousand pieces. It is up to you now." 

Vikram had to start talking, forgetting his pledge of 
silence, "Time is not a concrete entity like any of those that 
you mentioned. It is rather a psychological sensation. We 
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become conscious of the fact that there is an interval be¬ 
tween two events that we can witness or experience. The 
tree comes alive with new foliage. After an interval, it blos¬ 
soms, sporting colourful flowers. Later still, it bears deli¬ 
cious fruit. These are discrete real events with some interval 
between them. We feel pangs of hunger. To quell these we 
eat something. But the hunger is not suppressed for good. 
After an interval we are once again famished. The Sun rises 
with its brilliant light shining on the Earth. After a decent 
interval it disappears, letting darkness rule over the terra 
firma. The heat of the Sun, while it is shining, raises the tem¬ 
perature of the environment. Our bodies start sweating. We 
start craving for water. An interval passes and the sky starts 
to darken. Lightning flashes across the skies, accompanied 
by frightening thunder. Rains lash the Earth. The streams 
and rivers may even burst their banks flooding the surround¬ 
ing area. After another decent interval the skies clear up. 
There is nary a cloud there. Once again it is clear as a crys¬ 
tal. The Sun starts shining in all its glory. But this time around 
it does not bite, for the environment is cooler. As the Sun 



Fig. 2.1: The eternal cycle of seasons. 
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starts taking our leave, we start shivering. After yet another 
interval we once again experience unbearable heat. We want 
to shed our clothes. Natural occurrences like these continue 
in their eternal cycles. Events come a full circle only to be¬ 
gin another cycle, making us appreciate the existence of in¬ 
tervening intervals. 

"Time is this cognitive awareness that events do not 
occur as a continuous stream, that there are distinct inter¬ 
vals between them. We also realise that the lengths of inter¬ 
vals between different events are different. They are not al¬ 
ways the same. Also, depending on the circumstances our 
comprehension of the extent of these intervals can vary. 

"Even a short interval of hard work under a scorching 
Sun gives an impression of the interval stretching endlessly. 
However, relaxing thereafter in a festive atmosphere to the 
accompaniment of song and dance makes one feel that the 
night has passed all too quickly. One can go on for ever, 
splashing around in the refreshing waters of the river to get 
away from the noontime heat without feeling that a long 
interval has passed. On the other hand, during the cooler 
season, when the same water turns ice cold, just taking a 
dip gives an impression of having been there for an unrea¬ 
sonably long interval. Even the same length of interval un¬ 
der identical set of conditions appears to be dissimilar to 
different people, depending upon their dispositions. 

"If the same interval thus appeared to be widely differ¬ 
ent to different individuals, then it could create a lot of con¬ 
fusion and problems. If these personal cognitions had to be 
converted into something useful for a tribe or the society of 
which he or she was a member, then some way of ensuring 
that everyone would feel the interval to be of the same length 
had to be evolved. The concept of time thus came into being 
principally to fulfill this requirement. That inevitably led to 
setting up means of measuring the interval of time. The in¬ 
dividual psychological sensation was thus ensconced into a 
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public frame of reference for the benefit of society at large. 
That is the reason time, or rather an interval of time, can be 
measured. This is in spite of the fact that time is not a con¬ 
crete entity; nor does it have any specific shape or size or 
colour. It does not occupy any volume; nor does it possess 
any mass and hence, weight. Yet it can be measured dis¬ 
tinctly. 

"Human awareness of time is simply the ability to dis¬ 
tinguish which of any two events is earlier and which later, 
combined with a consciousness of an instantaneous present, 
that is continually being transformed into a remembered past 
as it is replaced with an anticipated future. From these com¬ 
mon human experiences evolved the view that time has an 
independent existence apart from physical reality. 

"The concept of time was thus firmly established to 
convert the cognitive feeling of intervals into a measurable 
entity. This is one item that can be evaluated even though it 
does not possess the usual features of a discrete entity like 
shape, size, volume or weight. It can be quantified even 
though it cannot be seen or handled. That is the beauty of 
time." 

Having thus broken Vikram's resolve to keep mum, the 
spirit found it easy to lift off from his shoulders and get 
back to his place on the branch of the tree. 
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The moment Vikram realised that the spirit had gone back, 
he too started retracing his steps to return to the pipal tree. 
Once there, he brought down the lifeless body that was the 
temporary abode of Vetal, the genie, lofted it on his left shoul¬ 
der and started walking towards his destination once more. 

Vetal was impressed by Vikram's fortitude. The spirit 
knew that unless Vikram was made to break his silence, he 
would go on to complete his mission. He, therefore, started 
provoking him, "Vikram, you really should stop playing 
games with me. You know well the dire consequences of 
not responding to my questions in spite of knowing the an¬ 
swers. Yet, you insist on not telling me the whole truth. You 
said just now that the concept of time was enunciated prin¬ 
cipally to give an overt tangible expression to the covert sen¬ 
sation of passing of intervals. That may be so. Still as you 
say that is the principle reason. That implies that there must 
be other reasons as well. Giving the psychological aware¬ 
ness a more concrete form was the principle reason but not 
the only one. Obviously you are well aware of the other rea¬ 
sons. But you did not choose to tell me about those. That is 
not acceptable as I have told you umpteen times. Failing to 
tell me what you know would result in your head explod¬ 
ing to smithereens. If you prefer that prospect, you could 
continue to keep quiet. But 1 am sure that you are sensible 
enough not to opt for it." 

Vikram was thus forced to break his vow of silence. 
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"I did not mean to keep anything from you. However, it 
was but natural that I should speak of the principal reason 
first. Man became aware of the intervals between events 
because he was carefully observing the world around him . 
While witnessing the drama that Nature was presenting 
before him, he also noticed that the world that he is a part of 
is not static. It is always moving. It is dynamic. But for the 
land underneath and the trees far and wide, everything else 
does not remain rooted to one place. It moves constantly. 

"Lying down at night he could see the celestial 
splendour up there in the sky. It was always there and yet it 
was not the same from one night to the next. The twinkling 
spheres had changed their positions during the interval be¬ 
tween two consecutive nights. They kept moving from the 
near horizon to the far one and back again. Even the bright 
Sun which lit the environ at the end of the night did not stay 
still at one place. It peeped over shyly over the eastern hori¬ 
zon, colourful and big in size. But it kept ascending the sky 
till it came overhead and scorched the Earth as if it was full 
of rage. It did not stay put even there, but started creeping 



Fig. 3.1: Phases of the Moon. 
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over to the western horizon. Having reached there, it disap¬ 
peared only to rise again in the east after the interval of night. 
That was a regular event. Yet, the precise position from where 
it played the peek-a-boo kept on changing. However, just as 
the phenomenon of day-followed-by-night maintained a 
steady cycle, the precise spot where the Sun first appeared 
in the morning also maintained a cycle of its own. 

"Even the Moon that charms you at night played its 
own cyclical game. It appeared on the eastern horizon and 
kept traversing the sky till it disappeared on the opposite 
horizon. Even its shape kept changing in a cyclic manner. It 
came up even as the Sun was disappearing at the opposite 
end of the sky in its full glory, a perfect sphere. But it kept 
shrinking thereafter and then absconded altogether. Even 
when the Sun went down, it did not show its face. Never¬ 
theless, it did appear a night later—a slight sliver of the 
sphere. Slowly it assumed the crescent shape, which kept 
getting bigger and bigger till once again it became a com¬ 
plete sphere. 

"Nothing thus was ever still. Not even the prey one 
was hunting. As one neared it, the animal leapt ahead and 
kept getting away. One could not instantly reach the place 
where the prey was sighted. One had to traverse the dis¬ 
tance in between. During that interval the animal often tra¬ 
versed an even greater distance. Even the stone weapon 
aimed at the animal could not reach it instantly. And when 
it did land at that spot, the prey had changed its position. It 
had moved with even greater speed. 

"All these experiences were real and baffling. To un¬ 
fold their mystery, one had to come to grips with the dy¬ 
namic Universe. If one wanted to ensure that the prey did 
not get away, then it was necessary to get some estimate of 
the speed with which it moved and the speed with which 
one would have to move to catch it. The distance up to the 
place where the prey was comfortably sitting could be 
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measured in terms of the steps needed to cover it. Likewise, 
some measure had to be found for the interval it took to 
cover that distance. That could not be done without 
according some concrete form to the mental awareness of 
that interval. 

"This train of thought led to the concept of time. The 
seed was sown. As it took root, the means by which the 
interval of time could be measured started taking shape." 

The spirit did not want to wait any longer. Vikram had 
broken his silence. That was enough for the genie to take off 
from his shoulders and leap back to the tree. That did not 
take any perceptible interval. 
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No sooner had Vikram taken Vetal down from his perch on 
the mis-shapen branch and heaved him on his shoulders 
with a view to walking towards his preset destination than 
the spirit started needling him/'What do you take me for 
Vikram, a fool? If not, why are you trying to tell me all kinds 
of stories? You said just now that the concept of time was 
evolved so that the different intervals between various natu¬ 
ral events could be measured. But you are well aware, as I 
am, that there are only three fundamental entities that can 
be and are being measured: length, mass and time. Of these 
the first two, length and mass, are concrete entities. Distance 
between two objects or length of any of them can be seen 
with the eye. Even if we cannot accurately measure the mass 
of an object with our bare hands, it can be felt and even 
roughly estimated. This means that both length and mass 
are not mere ideas or abstract concepts. They are tangible 
entities. How can time, which does not have such physical 
form, be linked with them? What would happen if you kept 
silent in spite of knowing the answers to my questions, I 
need not remind you. So—" 

Vetal deliberately did not complete his sentence. He 
was sure that Vikram would get the message. And he did 
indeed. For he broke his vow and started speaking, "You 
are right. All objects in this material world occupy a certain 
amount of space. Likewise, they also have a finite mass. To 
assess these properties common to all objects, systems of 
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measurement were devised. Our world is three-dimensional. 
Every object has a certain length. It has some breadth. But 
that is not all. It also has some height or depth. In order to 
find out the amount of space that an object occupies, one 
has to measure all the three parameters. However, even 
though these three dimensions are different from each other, 
the extent to which an object extends along any of these can 
be measured with but a single unit. The mass of an object 
decides the extent of pull that gravity exerts on it. That can 
be measured in the form of its weight. But there could be an 
infinitesimally small object that is almost like a dot. Such a 
singularity would occupy almost no space; nor would it 
weigh anything. So both its length and mass can be zero. 

"That is not so with time. Moreover, unlike mass or 
length, we do not ever measure absolute time. We always 
measure it with respect to an event. We find out how much 
time has elapsed since the event took place. We measure the 
interval between any two distinct and discernible events. 

We try to determine the time 
that has passed since the Uni¬ 
verse came into being up till 
this very moment when I am 
talking to you. We want to 
know how much time has 
elapsed since the birth of 
Christ till today. We want to 
know how long is it since we 
got our Independence. Time is 
thus the embodiment of our 
perception of intervals 
between events. 

"Albert Einstein, the 
man who was voted by a 

Fig. 4.1: The essence of time is majority of humanity as the 
difficult to explain. most influential one of the 
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twentieth century, has stated, and I quote, 'Space and time 
are but points of reference with respect to which we think. 
They are not fundamental properties that constitute the 
foundation of our life, of our existence. Clocks, almanacs, 
calendars are all human inventions. They are instruments 
devised by man.' 

"Nonetheless, we live through the eternal passage of 
time. We experience it. We continue to drift with that cur¬ 
rent. While doing so we continue to come across even new 
phenomena. We think about them. And we continue to act 
in accordance with those thoughts. In short, we exist as a 
part of that current. That is why we perceive the intervals of 
time between various occurrences, which constitute our ref¬ 
erence points. 

"At his very moment you happen to be hoisted on my 
shoulders. But you were not always there. Earlier you were 
hanging from that crooked branch on the pipal tree. May be 
once again you would park yourself there. I am carrying 
you to the cemetery now. Both of us are at the same position 
at the moment. But I am not rooted to this spot. My position 
is constantly changing. I am not static. My volume is the 
same. So is my weight. But my location is continuously 
changing. If I have to tell you or someone else about it, it 
would not be enough to talk about our place with respect to 
the three dimensions of space. To those three dimensions of 
length, breadth and height would have to be added a fourth 
one of time. Unless that is done my position cannot be pre¬ 
cisely determined. In order to be able to do that some way 
of measuring time would have to be devised. Only then one 
can talk about the precise co-ordinates that fix my position 
at any given moment. That is why various systems of mea¬ 
surement of time were evolved. With their help man in¬ 
vented clocks and calendars and almanacs and the like. 
However, just because it can be measured like length or mass, 
time does not acquire the characteristics of matter. It still 
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cannot be seen or handled like any material entity can be. 

"So you will see that I am not trying to fool you or keep 
anything from you. I have already told you all that I know; 
indeed, all that humanity knows about time. I cannot help if 
it still appears inscrutable to you. It is indeed one mystery 
that has defied resolution. Once again I have to turn to 
Einstein. I cannot recall his exact words. But what he had 
said was that, 'Mysterious experiences are the most delight¬ 
ful among those that impinge on our cognitive fabric. All 
the arts and sciences owe their being to such beautiful and 
yet mysterious perceptions.' 

"I think that you too should attempt to take cognizance 
of such thrillingly exciting experiences. Then on your own 
you would start to understand the nature of time." 

That was what the spirit was waiting for. He took off in 
no time from Vikram's shoulders and assumed his usual 
position on the branch of the pipal tree. 
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Vikram did not lose his patience. With calm resolve he once 
again brought down Vetal from his perch on the tree and 
heaved him on his left shoulder. Without uttering a single 
word, he started walking towards his goal with dour deter¬ 
mination. 

The spirit realised that Vikram would not break his si¬ 
lence unless forced to do so. Therefore, he himself started 
talking to Vikram, even as he kept marching ahead, "I do 
not think I have still understood what time is. You have not 
explained it fully or properly to me. You say that it is an 
abstract concept and hence, cannot be put in words ad¬ 
equately. I will accept that for now. But then you go on to 
say that it can be measured. How can that be? How can an 
idea be measured? I am sure you know more than you are 
prepared to say. If you still pretend to be ignorant and keep 
mum, you should be ready to face the consequences. And 
you very well know what they are." 

Vikram did not need any reminder. He started talking, 
"It is really very difficult to accurately describe time in words. 
One cannot feel why others say a fruit is sweet. Or even 
what sweetness means. One cannot learn that by listening 
to someone else's discourse on the topic. One has to taste it 
oneself to find it out. Similarly one cannot tell why a piece 
of music is melodious. Only by listening to it one can dis¬ 
cover that. Likewise, one has to perceive time. It should not 
need any special endeavour on anyone's part. All of us are 
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constantly doing that. That brings us to your question about 
measuring time. On that count, you are confused like many 
others because you are thinking in terms of absolute mea¬ 
surement of time. One, indeed, does not measure time. For 
time itself is a measure. It is a measure of the interval be¬ 
tween events. Once you look at time as a means of deter¬ 
mining the length of interval between various visible events, 
matters would start to clarify themselves. Instead of trying 
to define time as an absolute entity, consider it as an imple¬ 
ment to get an estimate of the magnitude of intervals be¬ 
tween events. 

"Time being thus a measure, repetitive natural occur¬ 
rences came in very handy for according it a concrete form. 
The Sun rises again and again at regular intervals. It sets 
also in the same regular and repetitive fashion. Naturally, 
these phenomena formed the basis for constitution of time 
as a distinct measure. The Sun comes exactly overhead at 
noon. That is an unchanging and easily discernible event. 
So that became the reference point to formulate the day as a 
unit of time. The interval that elapses between one noon 
and the next is one day. The Moon shines in its full glory 
when it appears in the east as a full and bright circle. But 
then it continues to wane and disappear altogether. It reap¬ 
pears and gets bigger and bigger till it once again shows up 
in full glory. The interval between these two separate events 
was considered to be a month, another unit of time. Closer 
observation revealed that the Sun rises roughly in the east 
but not always at the same precise location. That spot also 
keeps changing in a cyclic manner. That is why the precise 
position it occupies in the sky when it comes overhead also 
keeps changing. Some interval passes before it occupies 
an exactly identical position. That interval was considered 
as a year—yet another unit of time. Later still, it became 
clear that it is not easy to determine the exact overhead 
position except at the equator. So the year was defined as 
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the interval it took the Sun to occupy again exactly the 
same overhead position at the equator. It was noticed 
that when winter starts taking our leave and the onset of 
spring heralds relatively warmer climes, the Sun occupies 
the exact overhead position. The interval between sunrise 
and sunset is also the same as the interval between sunset 
and the next sunrise. To put it in other words, the lengths 
of day and night are the same at that point in time. That day 
of vernal equinox was considered to be the beginning of a 
new year. 
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Fig. 5.1: Each civilisation had its own concept about time. 
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"I said that a day was thought to be a unit of time. But 
a day is a long interval. Several events take place within a 
single day. Obviously to get a measure of the intervals that 
span any two of these events, a day would be an impractical 
unit. So the day had to be divided into smaller units. These 
are the hour, minute and second. To give due credit, my own 
forefathers who too had given some thought to these mat¬ 
ters. I must mention that the smaller units were designated 
by them as ghatika, pala, vipala and kshana. Two-and-a-half 
ghatika make up one hour. So kshana was a much smaller 
unit than a second. The need of such smaller units compris¬ 
ing parts of a day was realised by the Western world too. 
That has led to units which are smaller than a second . Un¬ 
less these were given currency it would not have been pos¬ 
sible to decide the winners of gold medals in many an Olym¬ 
pic event. The difference in the time taken by competing 
athletes to run the distance is often so marginal that with¬ 
out the availability of parts of a second as a practical mea¬ 
sure of time, winners of the gold, silver, bronze medals and 
the also-ran places could not have been decided to 
everyone's satisfaction. 

"Of course, there are several natural entities that move 
far faster than even the fastest of the Olympic sprinters. To 
keep tab of the speed of such entities, units much smaller 
than a second are absolutely essential." 

The spirit had achieved his purpose the moment Vikram 
started talking. So the genie sprinted faster than an Olym¬ 
pic athlete and reached his usual position on the tree. 
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Vetal, the spirit, observed that Vikram was not deterred by 
his threats. The king returned each time and carried the ge¬ 
nie on his shoulders on his way to the cemetery in total si¬ 
lence. Something had to be done to make him talk. So the 
genie started provoking him once again, "You are still try¬ 
ing to play out your charade, aren't you? You say, on the one 
hand, that time evolved as a means of measuring the inter¬ 
val between events and a day was chosen as a convenient 
unit. On the other hand, you say many events occur within 
a single day and hence, that unit is of no use to measure the 
short intervals between those events. So the day was divided 
into still smaller fractions. But if time itself is merely a con¬ 
cept, how can such division be feasible? Time is not an ob¬ 
ject like, say, an apple that it can be cut into any number of 
equal or unequal pieces. How can then it be pared into 
smaller fragments? The way you were talking about the con¬ 
cept of time, I am sure that you know the answers to these 
obvious questions. Should you, however, choose to main¬ 
tain your silence in spite of that, your head too will splinter 
into fragments, far too many to count. You are well aware of 
that, aren't you?" 

Vikram realised that he had no choice but to answer 
the questions that the spirit had raised, "I think you have 
missed the point. But before trying to clarify that, let me 
state some of the observations that were made soon after 
the units of measuring time were devised. It was seen that a 
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Fig. 6.1: Phases of the Moon. 


day is smaller than a month, which in turn is smaller than a 
year. Many days have to pass before a month is completed. 
Likewise, only after the passage of several months is the 
year completed. But 'several' or 'many' are vague terms. If 
time is to be a measure then there is no place for such ambi¬ 
guities. That is why a precise mathematical relationship be¬ 
tween these units had to be determined. So the number of 
times the Sun appeared overhead before a new full Moon 
brightened the sky was counted. No doubt, this appearance 
of full Moon is a cyclical event. However, it is not very regu¬ 
lar. So the number of days that were needed to complete 
this cycle varied to some extent. Still, the average number 
was found to be thirty. So it was stipulated that a month 
would consist of thirty days. In the same fashion, the num¬ 
ber of months that spanned one year was found to be twelve." 
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"I hope you have understood the issues that were of 
major consideration in all these deliberations. But, have 
you?" 

The spirit gave out a loud snort, "Do you think that 
you can trick me by trying to reverse our roles? I am the one 
who is asking questions. It is not for you to do that. So do 
not waste any time. My questions still remain unanswered. 
You had better come up with the right answers which, I am 
convinced, you know." 

"I was not asking questions. It was an exclamation, a 
figure of speech. I wanted to point out to you that while 
devising units for measurement of time, only those natural 
events that could be easily observed were taken into con¬ 
sideration. Moreover, all these events were repetitive or cy¬ 
clic. They occurred again and again without fail and after a 
relatively fixed interval. So, if one were to divide a day into 
more convenient smaller units, one had to take recourse to 
similar repetitive natural events. This 
quest revealed that there are numerous 
objects in this world that vibrate in a 
regular fashion. Moreover, the rate of their 
vibrations is dependent totally on their 
innate properties and is not influenced by 
external factors. Did I say numerous? 

Before you remind me that I should not 
be using such vague terms, let me give 
you a specific and concrete example. 

"If one ties a^heavy object to a piece 
of string, it forms a pendulum. The 
pendulum swings if pushed initially. Sub¬ 
sequently, it continues to do so without 
interruption as long as there is no external 
force compelling it to stop. The rhythm of 

Fig. 6.2: A pendulum completes many 
oscillations in a day. 
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that swing is dependent on the length of the pendulum. It 
does not vary unless some external factor like, say, a breeze 
forces it to do so. Further, a pendulum completes a large 
number of oscillations in a day. Obviously, the time taken 
by a pendulum to complete one full oscillation was useful 
to devise units smaller than a day. Likewise, if a piece of 
wire as thin as our hair is bent into a spring, then that spring 
also vibrates in a regular fashion. That too provided another 
useful implement to define units such as hour, minute and 
second. 

"Later still, the pendulum and the spring constituted 
the underpinnings of clocks. Once these became available, 
it was possible for anyone to measure time. It also ensured 
that if two individuals separately measured the interval 
between the same two events, then there was no discrepancy 
between those two independent measurements. I must 
confess that these were not the first clocks. Sand clocks 
were available even earlier. They were so designed that it 
took one ghatika for the sand in the upper cone to drop down 
to the lower one. But they were not very accurate. Conse¬ 
quently, there were variations in the measurements made 
by different individuals. Once clocks, which depended on 
the oscillations of a pendulum or a spring, gained currency, 
accurate measurements of small intervals of time became 
possible. We have not looked back since then." 

Vikram however was forced to look back the very next 
instant. For having succeeded in breaking Vikram's vow of 
silence, the phantom had taken off for its usual place on the 
tree. 



7 


11 FEBRUARY, 2000 


Vetal, the spirit, did not like that Vikram continued to haul 
him over his shoulders and concentrated on marching to¬ 
wards his goal. He could not let him have his way. So the 
moment he started walking, Vetal started talking, "Vikram, 
you are incorrigible. Unmindful of my repeated admonitions 
you continue to hold back something or the other from me. 
If you intend to confuse me thereby, let me assure you that 
you will not succeed. You try to tell me that natural occur¬ 
rences possessing cyclic characteristics were chosen to de¬ 
vise measures of time. Care was also taken to ensure that 
the cycles were regular. If that is so, how come your calen¬ 
dars are full of irregularities? Take, for example, the current 
month of February. Sometimes it is made up of twenty-eight 
days. At other times it consists of twenty-nine days. This 
year there was yet another debate. People wondered whether 
the current month would be made up of twenty-nine days 
or thirty. Why was that? Even according to your own Indian 
calendars some years sport an extra, thirteenth month. Why 
is it necessary? If you know the answers and yet choose to 
keep quiet, your head will shatter into a number of irregu¬ 
lar pieces. So..." 

Vikram started talking even before the genie had com¬ 
pleted his sentence. 

"I had no intention whatsoever of confusing you. Cal¬ 
endars were devised to get a measure of very long intervals. 
They helped one to find out how many days or months or 
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years passed during that interval. The days and months and 
years that form the basic constituents of the calendar do have 
the underpinnings of cyclic natural events. Hence, by them¬ 
selves, they are regular. The relationship between them, 
though regular, cannot always be described in terms of full 
integersu One has to take recourse to fractions. To ensure 
that these fractions are truly represented, even while one 
keeps in tune with the underlying natural events, was not 
an easy task. In order to accomplish that, the number of days 
in a month or a year had to be varied occasionally. 

"Human history is dotted with the development of sev¬ 
eral diverse civilisations. Each of these devised its own sys¬ 
tem of calendars and almanacs in accordance with the knowl¬ 
edge it had accumulated. Each civilisation strove hard to 
bring order to the chaos of time measurement. Thus, differ¬ 
ing means of taking care of the fractional relationship 
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between days and months or months and years evolved. 
These have resulted in the institution of a leap year or the 
intercalaris, the surplus month. That provision too proved 
inadequate. It was still not possible to keep in step with the 
rhythm of natural events. From time to time, one would go 
out of step, so yet another minor revisional action had to be 
taken. This has resulted in the apparent irregularity that you 
mentioned. The modern calendars and almanacs are con¬ 
stantly in the process of evolution. Man is acutely aware 
that despite great efforts on his part, the calendars are still 
incomplete and imprecise. They continue to need revisions 
as new information comes to light. At such times there are 
always debates about the best methods of correction. That 
indicates that human beings are alive to the situation. 

"The current confusion about the beginning of a new 
millennium can trace its origin to this very problem. The 
concept of relating the counting of years to the birth of Christ 
was enunciated by the Roman monk, Dionysius Exiggus, in 
the sixth century. Dionysius Exiguus, or to put it in English, 
Denis the Little, was a monk from Scythia. He was a canon 
in the Roman curia, and his assignment was to prepare cal¬ 
culations of the dates of Easter. At that time it was custom¬ 
ary to count years since the reign of Emperor Diocletian; but 
in his calculations Dionysius chose to number the years since 
the birth of Christ, rather than honour the persecutor 
Diocletian. 

"At that time the Romans were ignorant of the exist¬ 
ence of the number zero. Their numeral system lacked the 
zero. The concept of the number zero was introduced by the 
Indians and it revolutionised mathematics for all times to 
come. However, since the Romans were unaware of that 
number, the first year in their system was the year 1 and not 
the year zero. In fact there was no year a zero. So the year 
before the year 1 a.d. was not the year zero but the year 1 
before Christ. Since the first year was year 1, a decade was 
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completed only after the completion of ten years and with 
the beginning of the year 11. Likewise, a century was com¬ 
pleted when the hundredth year came to a close. Thus only 
when the year 1000 is completed and the year 1001 begins 
can the millennium be said to have come to an end. That is 
why I have been trying to tell you that the third millennium 
will commence only at the stroke of midnight on 31 Decem¬ 
ber, 2000. 
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Fig. 7.2: Different calendars, each showing a different year. 

"Of course, that will be the third millennium only 
according to the Christian calendar. Other calendars intro¬ 
duced by other civilisations also exist and have different 
counts of the years that have passed so far. Of these, the 
oldest is the Byzantine calendar according to which 7,508 
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years have passed. According to the Chinese calendar, this 
is year 4636; the Shalivahan saka says it is year 1921; by the 
Vikram samvat, it is the year 2055; and the Hizri pronounced 
it the year 1420, while the Jewish calendar marks it as the 
year 5760. The first day of a new year is also different 
according to these different calendars." 

Vetal had realised that in spite of these elaborate 
explanations, Vikram had failed to provide precise answers 
to the question he had raised. However, his purpose had 
been served as soon as Vikram started talking. So, he coolly 
took off from his shoulders and headed straight for the 
pipal tree. 
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Since Vikram had sidestepped his questions, Vetal, the ap¬ 
parition, was itching to have a go at the king. No sooner 
had he heaved him on his shoulder than the genie launched 
his attack, "Do you think I am so naive as not to see through 
your ruse? I had asked you a straightforward question. Why 
do your calendars have such irregularities as the leap year 
or the surplus month? Instead of addressing that question, 
you went on to tell me why different calendars came into 
being and when. If you continue to play such games your 
plight would be very miserable. I have already pointed that 
out to you." 

Vikram did not allow the genie to say anything more. 
He said, "I was trying to give a cogent reply to the very 
question you had raised. It was, therefore, necessary that I 
lay the proper foundation by letting you know how the dif¬ 
ferent calendars were formulated. Unless one comprehends 
the principles that were adhered to in designing a particu¬ 
lar calendar, one cannot begin to fathom the various mecha¬ 
nisms that were introduced to keep in step with the natural 
rhythm. For example, the leap year is a characteristic of the 
Gregorian calendar instituted by Pope Gregory. The surplus 
month is a feature of the Indian almanacs prepared accord¬ 
ing to the precepts of the Shalivahan s aka or the Vikram 
samvat. If I had started answering your questions without 
giving you the background of these differing calendars, you 
would have accused me of confusing you. Moreover, you 
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have been impatient. I had just about finished giving you 
the basics of these calendars when you went back to your 
infernal tree. But now, listen. 

"Our Earth goes round the Sun even as it spins around 
on its own axis. The time it takes to complete one orbit 
around the Sun is considered to be one year, while the time 
taken to complete one spin around itself is thought to be 
one day. The Indian mathematician, Bhaskaracharya, in the 
sixth century had computed the number of days it takes to 
complete one year. His calculation were fairly accurate too. 
However, at that time the notion that the Sun goes round 
the Earth and not the other way around was prevalent. More¬ 
over, invention of the printing press was still a long way off. 
So, dissemination of knowledge took place as per the oral 
tradition. So Bhaskaracharya's computation did not gain 
much currency. Much later, the European astronomer. Smart, 
meticulously determined the number of days it took for the 
Earth to complete its orbit around the Sun. That turned out 
to be 365.24219 days. For 
the purpose of a calendar 
in practical use, it was not 
possible to consider a frac¬ 
tional day. So the year was 
taken to consist of an 
average of 365 days. That 
left out about a quarter day 
per year. To account for 
that, one day was added to 
the year every four years. 

The fourth year or the leap 
year, thus was made up of 
366 days. 

"Initially, Julius 
Caesar decreed that in leap 
years the '6th day before 



Fig. 8.1: Julius Caesar. 



32 


ABOUT TIME 


the beginning of March' should be doubled. So in contrast 
to our present system, in which we introduce an extra date, 
the 29th of February, the Romans had the same date twice 
in leap years. The doubling of the 6th day before the 
beginning of March meant that 24th of February was 
considered to be that additional day. That was, however, in 
the middle of nowhere. It was not surprising, therefore, that 
it should lead to a lot of confusion and discrepancy. That is 
why, when Pope Gregory decided to standardise the calen¬ 
dar, he ordered that the calculation of the number of days in 
a year should be done once again more accurately. That was 
done and the figure turned out to be 365.2425. Further cal¬ 
culations made it clear that the number of leap years in 
every 400 years should be only ninety-seven, instead of 100 
according to the provision in vogue till then. Obviously 
there had been an overcorrection. To compensate for that, it 
was decided that the last year of a century would be a leap 
year provided the year was a multiple of not only 4 but also 
of 400. 

"Accordingly the year 1600 was a leap year since that 
number is divisible by both 4 and 400. But that is not so 
with the years 1700, 1800 and 1900. So, they were not leap 
years. The year 2000 once again satisfies the conditions put 
forth by those who devised the standardised Gregorian cal¬ 
endar. So, it would be a leap year with the month of Febru¬ 
ary having one more day. Those who were not familiar with 
the special condition for the centennial years thought that 
since one more day has to be added for the year 2000, the 
month of February would consist of thirty days made up of 
one more day in addition to the normal twenty-nine days in 
a leap year. That was the source of confusion. If you had not 
listened to me attentively, you too would have been simi¬ 
larly confused. By the way, such a dispute would not have 
arisen at the end of the last millennium. The year 1000 could 
not satisfy the special condition. So, that was not a leap year. 
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Naturally there was no conflict." 

Vikram was in a mood to continue. But the genie was 
not interested since his main objective was to stop Vikram 
from keeping quiet. So he did not wait any longer and 
jumped from his shoulders, straight to the pipal tree. 
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Vikram was disappointed. But he did not lose heart. He went 
back to the tree in a calm manner. He took down the lifeless 
body temporarily inhabited by the spirit and put it on his 
shoulder. He then started walking towards his pre-deter- 
mined destination in a purposeful manner. 

Vetal too sensed Vikram's dedication to the task in hand. 
He realised that the king could be dissuaded but had to be 
compelled to break his vow of keeping quiet. He therefore 
hurriedly started admonishing Vikram/'This time you did 
answer my question, but only partly. You told me about the 
leap year. But I had also raised the issue of the surplus month. 
You kept quiet about that. That will not do. Such evasive 
manoeuvres would not absolve you of your responsibility, 
failing which... 

"...I shall lose my head and life. I know that. You need 
not remind me. But you are not being fair. Before I could 
start telling you about the intercalaris or the surplus month, 
you disappeared. If you had waited you would have heard 
me saying that the Indian calendar and the Gregorian cal¬ 
endar are based on different systems. Both are inaccurate in 
the sense that the number of days accommodated in the year 
fall short of the actual number of days the Earth takes to go 
round the Sun. This shortfall needs to be made up. How¬ 
ever, since their foundations are different, the corrective 
mechanisms too differ. 

"Moreover, the Indian calendar also serves another 
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purpose. It denotes the days for observing certain religious 
functions as well as social festivities of the Hindu society. 
Religious holidays are determined by a lunisolar calendar 
that is based on calculations of the actual positions of the 
Sun and Moon. Most holidays occur on specified lunar dates 
or tithis. A solar month is defined as the interval required 



Fig. 9.1: The Sun's apparent movement through the zodiac. 


for the Sun's apparent longitude to increase by 30 degrees, 
corresponding to the passage of the Sun through a zodiacal 
sign, the rasi. Lunar months are measured from one new 
Moon to the next, although some groups reckon from the 
full Moon, the poornima. Each lunar month is given the name 
of the solar month in which the lunar month begins. Be¬ 
cause most lunar months are shorter than a solar month, 
there is occasionally a solar month in which two full Moons 
occur. In this case, both lunar months bear the same name, 
but the first month is described with the prefix adhika, or 
intercalary. Such a year has thirteen lunar months. Adhika 
months occur every two or three years. 

"The lunar months are divided into thirty tithis, or lu¬ 
nar days. Each tithi is defined by the time required for the 
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longitude of the Moon to increase by 12 degrees over the 
longitude of the Sun. Thus, the length of a tithi may vary 
from about twenty hours to nearly twenty-seven hours. Dur¬ 
ing the waxing phases, tithis are counted from one to fifteen 
with the designation sukla. Tithis for the waning phases are 
designated krishna and are again counted from one to fif¬ 
teen. Each day is assigned the number of the tithi in effect at 
sunrise. Occasionally a short tithi will begin after sunrise 
and be completed before the next sunrise. Similarly, a long 
tithi may span two sunrises. In the former case, a number is 
omitted from the day count. In the latter, a day number is 
carried over to a second day. This is used to denote the days 
on which religious functions have to be performed. But no 
such functions are carried out during the surplus month. 
For example, suppose Ashwin is the surplus month. Then 
the Diwali festival, which falls during that month, would be 
observed in the regular month and not during the corre¬ 
sponding period of the extra month. That is one reason it is 
called the surplus or adhika month. 

"Nicholas Copernicus 
had demonstrated convin¬ 
cingly in the fifteenth 
century itself that the Earth 
orbits the Sun and not vice 
versa. But looking out from 
the Earth, it is the Sun 
which appears to be 
shifting its position. The 
different seasons that hold 
sway also appear to be 
linked to this apparent 
change in the position of 
the Sun. When any one 
cycle of the season is 
complete, the Sun seems 



Fig. 9.2: Nicholas Copernicus. 
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to come back to its original position in the sky. That is why 
the time taken for completion of this cycle, which is actually 
the time that the Earth takes to complete its own orbit around 
the Sun, was fixed to be the duration of one year. 

"But in the Indian calendar, as I said, the duration of a 
month is based on the time the Moon takes to go around the 
Earth. But the Moon is rather eccentric. The Earth moves 
round the Sun in a sedate and orderly fashion. The Moon on 
the other hand, is like the hare in the fable of the hare and 
the tortoise. Sometimes it appears to be going in leaps and 
bounds and completes the orbit quickly. At other times, it 
ambles along, taking longer to traverse the same distance. 
While designing the calendar, an average time was chosen. 
Based on that, the number of lunar months in one year was 
computed. This number also turned out to be an incomplete 
number. It was more than twelve but less than thirteen. By 
consensus it was decided that there would be twelve months 
in one year. That however implied that there would be a 
shortfall of about ten days every year. If no corrective mea¬ 
sures were taken then it would continue to accumulate. That 
would create an untenable situation. There would have been 
no correlation whatsoever between a particular month and 
the corresponding season. That would have led to a chaotic 
situation, particularly for the farmers. So, when the accu¬ 
mulated shortfall added up to roughly the length of on^ 
month, an extra month was added to that year. Thus, the 
provision of the adhika month, essentially made to cater to 
religious exigencies, also proved to be practical. But even 
then, after that some discrepancies continue to dog the In¬ 
dian almanac. The official Indian almanac introduced by the 
Government of India in 1957 remedies this situation to a 
certain extent. 

"Because the relationship between the solar year and 
the lunar month is so complicated, these corrective measures 
of the leap year or the surplus month had to be taken. Even 
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so, we have not yet succeeded in solving correctly the equa¬ 
tion representing that relationship. As a result, there are still 
some lacunae in all the calendars. We, ordinary folk, may 
not notice those. Our lives may not be unduly affected by 
these inadequacies. But the astronomers are bothered and 
continue to strive to find ever more accurate methods of 
timekeeping. They come up with novel suggestions every 
now and then." 

Vikram stopped briefly to catch his breath. That pro¬ 
vided ample time for the genie to go back to his usual posi¬ 
tion on the pipal tree. 



10 


3 MARCH, 2000 


Vikram realised that Vetal had gone off to the tree even be¬ 
fore he could finish telling him about those extra provisions 
for taking care of the discrepancies in the calendars. There 
was no other go but to turn back and start all over again. He 
did precisely that. He went to the tree without losing his 
composure, took down the corpse from his perch and heaved 
him on his left shoulder. He then started striding back to¬ 
wards the cemetery without uttering a single word. But he 
knew that the genie would soon start asking questions and 
that he would have to come up with the right answers. So 
when the phantom did start talking, he was not perturbed. 
He gave a patient hearing. 

"Oh Vikram, all these celestial bigwigs like the Sun, 
the Moon and even your Earth, for that matter, appear to be 
as crazy as you are. They keep spinning around themselves, 
then keep treading in the same groove around each other. 
They keep doing this ad nauseam. How can you ever hope to 
bring about an accurate correspondence between their me¬ 
andering jaunts and your efforts at timekeeping with your 
calendars and almanacs? I think it is a futile effort. Well, 
you halve tried your best to keep pace with the help of these 
corrective mechanisms of leap years and surplus months. I 
would have thought that it was sufficient enough. Why do 
you have to go in search of additional corrections?" 

Vikram did not wait for Vetal to remind him of the 
consequences should he decide to keep quiet in spite of 
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knowing the answer to his question. He started talking with 
a view to getting it over with, "You should not be surprised 
that the Earth or the Moon keep going endlessly along the 
same well-trodden path. Do you not keep going back in the 
middle of our march to the cemetery? You are not tired of 
going through with the same routine. At least the Moon and 
Earth have circular or elliptical orbits. So, they keep going 
round and round in their regular orbits. But they complete 
the round. They do not take off midstream and retrace their 
steps like you keep doing without getting bored. When these 
celestial bodies spin around themselves, they go round the 
full circle. They do not give up midway; nor do they abruptly 
change their speed of rotation. 

"Actually there are enough reasons for them, at least 
for the Earth, to do just that. That is because its mass is not 
evenly distributed all over. Moreover, the spatial distribu¬ 
tion of its mass keeps going through significant changes. If 
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one goes deeper inside the Earth, one would find molten 
rock. The lava is always boiling. Deeper still, one would come 
across molten metals, mainly iron. Even that liquid is in a 
state of boiling. The crust keeps floating over these boiling 
mass, much like the flotsam and jetsam one finds on our 
oceans. To add to the complexity of the situation, the crust is 
not in one piece. There are several fragments, called tectonic 
plates. During their drift they occasionally dash against each 
other. The Indian plate was once upon a time joined to other 
plates comprising present-day Africa, South America and 
Australia. This constituted the mega-continent of 
Gondwanaland. That was located in the southeastern cor¬ 
ner of the Earth, roughly where one finds Australia today. 
The Indian plate got detached and started drifting in the 
northwesterly direction. Soon it started colliding against the 
Eurasian plate. Resultantly, the land mass there was lifted, 
giving birth to the Himalayas. So you will see that the Earth's 
mass does not remain static at one place. It keeps moving in 
an unpredictable manner. These movements lead to build¬ 
ing up of stresses and tensions at various borders of the 
plates. The efforts made by the Earth to get rid of the extra 
pressure bring about earthquakes, resulting in still more re¬ 
distribution of its mass. 

"True, these changes occur occasionally and at a rela¬ 
tive slow pace. But other changes occur continuously and 
repeatedly. During the summer, large amounts of water in 
the oceans evaporate. The vapour rises, leaving the seas with 
a reduced mass. The vapour does not stay in one place. It 
keeps moving around and eventually comes down to Earth 
in the form of snow. This accumulates in the polar regions. 
Consequently, there is greater mass at the two poles and 
less in the equatorial region. When the summer returns, the 
snow melts, flooding the rivers thereby, causing yet another 
change in the distribution of the Earth's mass. Soon the riv¬ 
ers dump the extra water into the seas. The equatorial bulge 
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takes shape at the expense of the polar mass. 

"As a result of these constant variations, the Earth can¬ 
not spin in a smooth manner. Ask any ballet dancer. She 
will tell you that if she stretches her arms out when she pir¬ 
ouettes, her speed of rotation is reduced. If she folds her 
arms keeping them close to her body, she is able to turn 
faster. The Earth is no exception. The redistribution of its 
mass may not be enough to bring about any discernible 
change in its rotational speed. But it does give rise to some 
wobbling. That is called precession. The speed of this pre¬ 
cession too is not constant. As a result, there are small but 
finite variations in its speed of rotation. 

"The Earth takes 86,400 seconds to complete one rota¬ 
tion around itself. In other words, a day consists of that many 
seconds. However, due to the wobble, there is an occasional 
loss of a second or two. At other times, there is an addition 
of similar amounts. These rises and falls in the speed of ro¬ 
tation lead to errors in the computation of days and months. 
Should we not attempt to root out these errors and make the 
computation more accurate?" 

Vikram thought that perhaps for a change Vetal might 
try to answer his question. So, he paused. That provided the 
spirit just the chance to escape and resume his position on 
the withered branch of the tree. 
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Vikram suddenly found that the burden on his shoulders 
had become lighter. Even as he wondered where the mass 
had disappeared, he realised that this was due to the spirit 
having gone back to hanging down from the tree. Coolly he 
turned back, went up to the tree and brought Vetal down 
from his place. As usual, he heaved the corpse on his shoul¬ 
der and started marching in a purposeful manner. 

Vetal too was ready. He had noted that Vikram had not 
completed his reply. That came in very handy to break his 
resolve and make him speak. Vetal would not have missed 
such a golden opportunity. He therefore, asked, "You said 
that the speed of rotation of the Earth is reduced sometimes. 
At other times, however, it is increased. If so, I do not see 
any reason to take corrective action while designing your 
calendars. This should be quite clear to you if you take a 
moment off and look at yourself. You go forward a couple 
of steps and then are forced to go back the same distance. 
The result is that you remain in the same place, though you 
make heavy weather of it. Likewise, if the change in the 
rotational speed of the Earth takes place in both the direc¬ 
tions, the positive change should cancel out the negative 
one. The sum total should be zero. There should be no ne¬ 
cessity, therefore, to take any compensatory steps. Why do 
you insist on doing that?" 

Vetal had asked a very pertinent question. Vikram had 
to acknowledge that. Still, he seemed to have missed the 
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point. So Vikram started to elaborate, "You are right. The 
net change in the rotational speed of the Earth does prob¬ 
ably work out to be zero ultimately. So, as you say, one may 
not have to take any steps to take care of that. But there is 
one natural event whose effects do not cancel out in this 
fashion. Isaac Newton had made everyone aware of the ex¬ 
istence of the gravitational force throughout this Universe. 
He had even come up with the mathematical equations that 
govern the working of this force. Any two objects in the 
Universe, he had shown, exert an attractive influence over 
each other. It is easy to fathom that a massive object would 
attract and thus affect the behaviour of another smaller ob¬ 
ject. But Newton had convincingly demonstrated that even 
that smaller object is capable of bringing about subtle alter¬ 
ations in the behavioural traits of a much bigger object 
through the medium of gravitational attraction. 

"Consequently, gravitational attraction of the Moon, 
much smaller as it is, does exert an influence on the more 
massive Earth. The magnitude of the force of attraction, as 
Newton had deciphered, is inversely proportional to the 
distance between the two objects. If the distance between 
the two is doubled, the magnitude of the force is reduced 
fourfold. So the effect of the attractive force of the Moon is 
greater on the side of the Earth facing the Moon than on the 
other side, which is away from the Moon. That is because 
the other side is as much as 13,000 kilometres away, that 
being the diameter of the Earth. So, the part of the Earth that 
is closer to the Moon is drawn towards it like a piece of 
rubber being pulled in one direction. Obviously the liquid 
water that is more pliable than the solid land reacts to the 
pull to a greater extent. The effect of the Moon's attractive 
influence is more visible in the oceans. They swell outwards 
in the direction of the Moon. The oceans on the other side 
show similar contraction inwards. These are what we call 
the tides. 
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Fig. 11.1: Tides occur due to the Moon's attracting powers. 


"Movement of the mass of water during these tidal 
plays causes it to grate on the ocean floor and on the shores, 
causing considerable friction. In particular, the abrasion is 
much stronger on the floors of the relatively shallow seas, 
like the Bering Sea and the Irish sea. Naturally, this results 
in the slowing down of the Earth's rotation. Anyone driv¬ 
ing a vehicle would vouch for that. When one applies the 
brakes on a running vehicle, the friction between its mov¬ 
ing wheels and the road underneath increases. This gener¬ 
ates heat. Part of the kinetic energy that the wheel acquires 
because of its movement is thus lost as heat. Inevitably the 



46 


ABOUT TIME 


loss of this energy results in reducing the speed of rotation 
of the wheels and hence that of the vehicle. If one observes 
the wheels of a running train when the driver applies the 
brakes, one notices bright sparks flying in all directions. The 
heat generated due to friction between the wheels of the 
train and the metallic track gives rise to these sparks. 

"The Earth too experiences the effects of the increased 
friction occurring during the tidal flows. It is slowed down. 
This loss of speed is not compensated. Rather it accumu¬ 
lates. The net result of the effects of tidal flows is not zero. It 
is always positive. You may well ask then why is it that we 
do not notice this slowing down? Why is it that we do not 
find the length of a day reducing perceptibly? That is be¬ 
cause the magnitude of this reduction in the speed of rota¬ 
tion is not very high. At the most, the time taken by the 
Earth to complete its spinning around itself increases by one 
second in a year. 

"This slowing down of the spinning Earth was discov¬ 
ered by astrophysicists as late as in 1972. At the time, they 
were studying the relative positions of some distant stars 
and the Earth today in comparison with that in the distant 
past. Since then, corrective steps have been taken. To com¬ 
pensate for the cumulative increase in the time taken for 
completion of one rotation, that particular year (1972) was 
extended by as much as ten seconds. These are called the 
leap seconds. Now, almost every year a leap second is added 
to the length of the year. Normally, this is done on the last 
day of either June or December. In other words, the com¬ 
mencement of 1st of July or 1st of January is delayed by one 
second." 

Vetal did not delay his departure from Vikram's shoul¬ 
ders and immediately took off to assume his usual position 
on the pipal tree. 
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Vetal had not waited for Vikram to complete his explana¬ 
tion. He went back to his resting place, satisfied that he had 
made Vikram break his vow of silence. Vikram too realised 
this but was not frustrated. Retracing his steps, he patiently 
went up to the tree and brought down the genie, handling 
him with utmost care. The moment he adjusted the lifeless 
body on his left shoulder, he started sauntering towards his 
fixed goal. 

Vetal had tried a number of different tactics to dissuade 
Vikram. He had not succeeded in that. So he decided to try 
out sarcasm this time. Soon after Vikram started walking, 
he started in a condescending tone, "I am at a loss to under¬ 
stand this stupidity. Why do you have to go through all this 
rigmarole of adding leap seconds? After all, a second was 
defined as a part of a day. So if the Earth now takes longer to 
complete the spin around itself then you could have said 
that the length of a second is correspondingly increased. The 
number of seconds in a year could have been kept at the 
same level as earlier. What difference does it make if the 
year is lengthened or shortened by a second or two? Heav¬ 
ens are not going to fall, are they?" 

Vikram realised that the spirit was trying to provoke 
him. He did not want to indulge the phantom. However, 
not only were the questions raised by the spirit pertinent, 
but he also knew the answers to them. He could have thus 
kept quiet only at his own peril, "I think you are merely 
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teasing me because you know the answers to vour own ques¬ 
tions. Needless to say, you are right in thinking that the prob¬ 
lem could have been satisfactorily resolved by redefining 
the second and keeping its number in one year constant. 
One day was indeed defined as the time the Earth took to 
go round itself. If it took longer for the Earth to complete 
that round, so would the day be longer. It could still be 
thought to consist of 86,400 seconds with a commensurate 
increase in the length of one second. That was indeed the 
strategy adopted in the beginning. But that made life diffi¬ 
cult for the sailors. They navigated their ships and vessels 
by keeping tab of the positions of celestial bodies like the 
pole star and different constellations. The astronomers too 
experienced considerable difficulties. Moreover, the astrono¬ 
mers live in a world of their own. They do not concern them¬ 
selves with just a day or even a year. They look at the posi¬ 
tions of thousands of stars and constellations and concern 
themselves with changes occurring over periods of millions 
and billions of years. The reference point for determining 
these positions is the location of the Earth at any precise 
moment, just like we refer to a particular spot on the surface 
of the Earth with respect to which we denote our location. If 
one wants to talk about the latitude of a point, it is always 
specified with respect to the equator. The longitude likewise 
is denoted with reference to the village of Greenwich, near 
London. What is true of the three dimensions of space is 
equally true of the fourth dimension of time. For that pur¬ 
pose, measurement of the actual time taken by the Earth for 
its rotation was essential. The earlier definition of a day, 
which was said to be made up of 86,400 seconds was now 
referred to as the universal time. But then the new dav, which 
consisted of more seconds but was the actual time taken by 
the Earth for one rotation around itself was also the univer¬ 
sal time. To make a distinction between the two, the former 
was called UTO while the latter was given the name of UT1. 
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Fig. 12.1: Different time-zones are necessary to keep track of time. 


"All said and done, the speeds of rotation around them¬ 
selves as well as around other bodies, both by the Earth and 
by the Moon, do continue to vary. They are thus unreliable 
as base points for calibrating time. Such arguments were 
forwarded by leading personalities from many fields. One 
had, therefore, to look for alternative systems of determin¬ 
ing standard time. A global conference was convened to 
deliberate over these problems associated with standardi¬ 
sation of measurement of time. The universal co-ordinated 
time, UTC, which was unanimously chosen by the delegates 
thus came into being. It is different from both UTO and UT1— 
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whichsblely depend,on the period of rotation of the Earth. 
Tjfe provision of leap,seconds was made to ensure that 
fcfiere is no discrepancy'between the UTC system and the 
I$. r P's’ystem. 

^h^,irregularities in the rotation of the Earth manifest 
themselveg .as changes in its speed of rotation. It would not 
be right to believe that they would continue to take place in 
the same direction for all time to come. Today the speed of 
rotation is decreasing. However, the possibility that it may 
increase some time in the future cannot be ruled out. So pro¬ 
vision has also been made to subtract leap seconds from a 
year." 

There was no response from the spirit. Vikram won¬ 
dered whether his explanation had become too technical and 
hence beyond the comprehension of the genie. He, there¬ 
fore, paused for a moment intending to check with Vetal. 
That gave the spirit just the respite he was looking for. He 
went back to his favourite perch on the branch of the pipal 
tree. 
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Vikram was annoyed with himself. 'Why did I have to 
pause?' he thought. 'Had I continued to talk instead, the 
spirit would have continued to listen. He would not have 
gone back to his tree. That would have saved me one trip, if 
nothing else.' 

He shook his head. There was no room for self-recrimi¬ 
nation. He had better make it back tp the tree to begin trek¬ 
king towards the cemetery once more. Occupied with this 
thought, he arrived at the pipal tree. He took the genie down 
from his seat on the branch and placed him on his left shoul¬ 
der. Gritting his teeth, he started marching. 

Vetal sensed the turmoil going on in Vikram's mind. 
Instead of teasing him, therefore, he asked a straightforward 
question with a view to learning more, "You say that this 
UTC, this new system of time-keeping, is more reliable. I 
would not like to accept that at the face value. I would like 
to know the basis for its formulation. For, I recall your tell¬ 
ing me that for accurate determination of a day or a year 
one has to depend on some repetitive cyclic natural phe¬ 
nomenon. At least, one has to take recourse to something, 
which keeps oscillating in a regular manner. The spinning 
Earth going around the Sun in a fixed orbit may not be good 
enough. But it would still have to be some other celestial 
body, like a planet or a star. What guarantee is there that 
this other sphere of choice would maintain a steady rhythm 
during its sojourn? If that body also changes its speed of 
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cyclic movement, it is likely that the change would be larger 
than a second. In that case there would be no improvement 
in the definition of a second, would there?" 

The questions put forth by Vetal indicated that he was 
paying careful attention to what Vikram had been telling 
him. That was a matter of satisfaction. That made Vikram 
forget his vow of silence. Before he realised what he was 
doing, he had started talking, " You are right. There are two 
major considerations for choosing such a reference event. It 
has to be cyclic, going through the same path again and again 
in a regular pattern. Secondly, it has to be of natural origin, 
not a man-made one. There is one more condition to be sat¬ 
isfied. The cyclic nature as well as its periodicity should not 
be affected by heat or cold, rain or snow, gentle wind or 
raging gale. The search for such an event was on. That bore 
fruit eventually. Scientists did discover such an event. The 
internal structure of an atom was found to be similar to that 
of the solar system. In the latter a number of planets revolve 
around a fixed and massive star. In a similar fashion the 
atom consists of a central nucleus in which almost all its 
mass is concentrated. A number of electrons keep orbiting 
the nucleus all the time. That appeared to be an ideal sys¬ 
tem. So scientists started 
wondering if "he atom would 
provide the required reliable 
reference periodic event. 

"Soon that quest bore 
fruit. Fixed and regular vibra¬ 
tions were found to be a 
characteristic feature of many 
atoms. The atom can exist in a 
number of possible energy lev¬ 
els. Normally, it stays in the 
1 WcS* "nu s^bH stai/^ ~f ~n- 
ergv. However, in some atoms 
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this ground state of energy is split into two discrete levels, 
one slightly higher than the other. The atom keeps jumping 
from one to the other at a constant rate. The atom acts much 
like a naughty child whose favourite game is to climb a step 
only to jump down and then get back on to the higher step, 
continuing to do this without tiring. The atom thus keeps 
oscillating between the two energy levels with a fixed 
frequency. This vibration is constant and highly regular. It 
does not change under any circumstances and is not 
influenced by any external factors like temperature or 
atmospheric pressure or humidity. Thus that turned out to 
be the ideal reference system everyone was looking for. 

"Atoms of elements such as hydrogen, caesium and 
rubidium exhibit such behaviour. Since it is unwaveringly 
constant, the caesium atomic vibration has been chosen to 
define a second anew. You cannot imagine how fast these 
vibrations take place. There are as many as 9 billion vibra¬ 
tions per second. To be exact the number is 9,192,631,770. 
So a second has now been defined as the time taken by a 
caesium atom to complete that many vibrations. Since the 
number of these vibrations is so large it also allows 
measurement of extremely small parts of a second. Every 
country now maintains clocks based on this system as a 
standard for time measurement. In our country/the National 
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Physical Laboratory at New Delhi maintains such a stan¬ 
dard atomic clock." 

Vetal's head had started spinning with all that infor¬ 
mation. He did not wait a second more and took off instantly 
for his usual resting place. 
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Vikram had noticed that Vetal was no longer sitting on his 
shoulders. He surmised that the spirit has gone back to his 
favourite resting place. But he did not immediately turn back. 
He too wanted to rest for a while. He had had a hard time 
explaining the complex concept of atomic time in a manner 
and language simple enough for the genie to follow. After a 
while though, he got up with renewed vigour. Having placed 
Vetal on his shoulders he commenced his march towards 
his goal. 

Vetal was waiting for him to do that. For now he had 
become interested in the information that Vikram was dol¬ 
ing out. He immediately launched into his questions, "Hav¬ 
ing thus defined the second so accurately in terms of the 
atomic vibrations, it would have become necessary to rede¬ 
fine the day as well. What was the basis for that? Which 
natural system was found useful for that purpose?" 

Vikram took a deep breath before starting to answer 
this latest query from the genie, "No, that was not neces¬ 
sary. The day was defined as the time taken by the Earth to 
complete one full rotation around itself. That definition con¬ 
tinued to be followed. Since the spinning of the Earth was 
with respect to the Sun, this was denoted as the solar day. 
Almost all the civilisations to date have stuck to the same 
definition. So there should have been no reason to have any 
misunderstanding on that count. Even so, some confusion 
did arise and continues to do so. That is because different 
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civilisations had different views regarding the beginning of 
a new day. The Babylonians thought that the day began with 
sunrise. The Indians belonging to the Indus Valley civili¬ 
sation also adhered to the same concept. If one goes through 
the Indian almanacs, the Panchangas, irrespective of whether 
one believes in the Saka system or the Samvat system, one 
would observe that the ghatikas and palas of a day are counted 
with respect to the time the Sun rises in the east. The Jews, 
on the other hand, believed that a new day begins at sunset. 
Even today the ultra religious among them continue to follow 
that dictum. It was the Egyptians who, for the first time, 
decided that a new day begins at midnight. The Romans 
followed suit and conducted their day-to-day business in 
accordance with that precept. Scientists in the modern world 
too have opted in favour of this principle. That is why the 
midnight is designated as the zero hour. One o'clock in the 
wee hours of the morning is hour one and so on. 

"That still leaves some room for confusion. That is 
because of the common usage of the terms day and night. 
In the common parlance the period between sunrise and 
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sunset is called the day and the subsequent period from sun¬ 
set to the next sunrise is called the night. The period when 
the part of the Earth one lives in has bright light is thus called 
the day while the other period when darkness reins is the 
night. Though colloquially speaking one differentiates be¬ 
tween day and night, scientifically speaking night is actu¬ 
ally part of a day. That is why, wherever it is necessary to 
talk of time in a very very precise manner, no such distinc¬ 
tion is made between day and night. The armed forces or 
the global air traffic organisations talk in terms of a day of 
twenty-four hours. According to them midnight is the zero 
hour and noon is the hour twelve. The subsequent hours are 
called the hours thirteen, fourteen and so on up to the hour 
twenty-four, which is the same as the zero hour. Our watches 
and clocks show only twelve hours with the day and night 
each lasting for that length of time. But the clocks maintained 
by the armed forces and the global air traffic organisations 
consist of twenty-four hours. 

"The astronomers have a somewhat different viewpoint 
regarding this. They do consider a day as the time taken by 
the spinning Earth to complete one rotation. Nonetheless, 
they like to measure this time from the standpoint of some 
stationary celestial object like our pole star. When measured 
from such a vantage point the time taken by the Earth to 
complete one rotation works out to be twenty-three hours 
fifty-six minutes and 4.091 seconds. So their day is a trifle 
shorter than that of ours - the commonfolk. This is the side¬ 
real day. Still, that measure is of consequence only to these 
hardy souls who are involved in unravelling mysteries of 
the Universe. It does not play any part in the mundane ac¬ 
tivities of the masses. So there is no scope for any confusion 
there." 

The spirit did not want to get any more information 
lest he should get confused. So, without any delay, he swiftly 
flew off to his usual perch. 



15 


7 APRIL, 2000 


Vikram was not deterred. Without getting unduly perturbed, 
he went about his self-appointed task of carrying the spirit 
towards his destination. 

Vetal was waiting for him. He had found himself get¬ 
ting deeply interested in the saga that Vikram was unfold¬ 
ing before him. In fact, he did not want to leave his comfort¬ 
able seat on Vikram's shoulders and get back to the tree. But 
he was a creature of habit. So was Vikram, who had now 
started his march towards the cemetery for the umpteenth 
time. 

Without losing any time at all, the genie started talking 
to Vikram, "I do not subscribe to this obstinate self-centred 
view of the scientists. The common man distinguishes be¬ 
tween day and night. So what? Why cannot that be accepted 
by those engaged in scientific pursuit? Why do they have to 
insist that the day consists of twenty-four hours? If they want 
natural cyclical events as their frames of reference for the 
purpose of time keeping, what is wrong with day and night? 
They too are natural events, cyclic to boot. One follows the 
other without any break or interval between them. So why 
not have two such cycles as the frames of reference, each 
comprising twelve hours? And now don't you tell me that 
you do not know the answers to these questions. I would 
refuse to believe that. You know them, I have no doubt. De¬ 
spite that if you wish to remain silent..." 

Vikram did not allow him to spell out the consequences. 



7 APRIL, 2000 


59 


He was very familiar with them. So losing no time, he started 
responding, "There would be all sorts of complications and 
difficulties if one were to follow your advice. According to 
the man in the street, the period of bright sunshine is the 
day. But that is not constant everywhere. As a matter of fact, 
even at any single place it is not constant throughout. It keeps 
varying. Taking into account the sunshine hours 21st of June 
is the longest day in the northern hemisphere. At 20 degrees 
North latitude, that is, around where Nagpur is located, the 
length of the day on the 21st of June is thirteen hours and 
thirteen minutes. As one proceeds northwards it goes on 
stretching even further. At 40 degrees north, the day lasts 
for about fourteen-and-a-half hours. At 60 degrees north, 
the day is as much as eighteen-and-a-half hours long. In 
contrast, it is the shortest day in the southern hemisphere. 
In the northern half of the world, the shortest day is the 21st 
of December. At around Nagpur the day lasts for only about 
ten hours and forty-seven minutes. It implies that the night 
of 21st December is of thirteen-and-a-quarter hours' dura¬ 
tion. As one moves further north the night becomes even 
bolder. At 40 degrees north it leaves only nine hours and 
nine minutes for the day. At 60 degrees north the day part of 
21st December barely lasts for five-and-a-half hours. On the 
poles the situation is even more dramatic. In the winter there 
is no daybreak. The night continues to stay put for six 
months. But when the summer arrives the day takes proper 
revenge. It does not allow nightfall for six months. 

"Can you imagine what sort of chaos would be let loose 
if one were to accept your suggestion? Everyone would re¬ 
fer to a different day. Your day would be far different than 
mine. If I said that I would answer your question after two 
days would you be satisfied? Just because our computations 
of the day were different you would blow my head into 
pieces even when I had kept my promise. There would be 
utter anarchy in the world. To avoid such a terrible situation 
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there would have to be a universally accepted unit of any 
measure. The new definition of a second does not leave any 
room for doubt or misinterpretation. The number of vibra¬ 
tions inside the Caesium atom would be the same no matter 
who measures it. You, I or someone else would come up 
with the same identical number. So, if I were to sav that 1 
would see you again after the completion of, say, one mil¬ 
lion vibrations of the Caesium atom, there would be no con¬ 
fusion whatsoever. There would be no scope for different 
interpretations of that statement. 



"The interval between two consecutive sunrises always 
remains constant, irrespective of its division between day 
and night. Since the Earth's axis of rotation is tilted with 
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respect to its orbital path, the lengths of day and night keep 
changing during any one year. But the total period of rota¬ 
tion made up by addition of the lengths of day and night 
does not vary. It is the same, no matter which point on the 
Earth vou choose to measure it from. The insistence on hav- 
ing a twenty-four-hour day stems from this consideration. 
It is not due to haughtiness of any group of people." 

The phantom, nonetheless, did not give up his own 
obstinate insistence of disappearing from Vikram's shoul¬ 
ders once he had broken his silence. This time was no ex¬ 
ception. Even before Vikram had completed his last sentence, 
Vetal was comfortably hanging from the withered branch of 
the pipal tree. 
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Vikram too was getting used to the spirit's hauteur. He 
was thus certain that the moment he paused to catch his 
breath, Vetal would run away to his favourite resting 
place. He, therefore, took his time taking a deep breath 
before starting back for the pipal tree. Once there, he took 
the lifeless body from the branch and started marching back 
to his own goal. 

Vetal was also getting used to asking all sorts of appar¬ 
ently devious questions in an attempt to make Vikram talk. 
He did not let the Caesium atom complete even one vibra¬ 
tion before posing his next question, "All right. So I now 
understand why any measurement of time has to be ulti¬ 
mately based on counting the cycles of some regularly 
recurring phenomenon and accurately measuring 
fractions of that cycle. I have also become aware of the ways 
in which units for measuring time, like the second, the day 
and the year were standardised. The second is defined 
with respect to the unceasing vibrations of the Caesium 
atom. The day relates to the time taken by the spinning Earth 
to complete one rotation around itself. The time taken by 
the Earth to complete one orbit around the Sun is denoted 
as the year. That still leaves one more unit of time in use 
today. The month, what about it? How has that been 
calibrated? On what basis was it decided that a year con¬ 
sists of twelve months? Or was is just a matter of conve¬ 
nience?" 
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Vikram did not wait for Vetal to articulate his threats 
were he to maintain his silence. He started responding to 
his queries instantaneously, "That is not true. Even the month 
owes its existence to a natural cyclic event. You seem to have 
forgotten that I had already mentioned that while explain¬ 
ing the need for incorporating the surplus month. Just as 
the Earth being a member of the solar planetary system cir¬ 
cumnavigates the Sun, the Moon being a satellite of the Earth 
goes around it in a circular path. That is the reason the Moon 
does not always appear in its full glory. It waxes and wanes. 
If it puts in an appearance as a complete sphere one day, on 
another day it plays truant. It does not show up even when 
the Sun sets and night takes charge of the skies. One does 
not need any instrument whatsoever to observe this lunar 
drama. So the interval between two consecutive full Moons 
is denoted as a lunar month. It is equal to twenty-nine days 
twelve hours forty-four minutes and 2.8 seconds. Did I say 
that the Moon moves in a circular path? Well that is true, 
but with a caveat. The distance between the Moon and the 
Earth does not remain constant throughout that orbital voy¬ 
age. It keeps changing. At times it comes closer to the Earth. 
The closest point it attains is called the perigee. At other 
times, it moves away, the farthest point being called the 
apogee. The time taken by the Moon to traverse between 
one perigee and the next can also be considered as one 
month. According to that definition, a month consists of 
twenty-seven days thirteen hours eighteen minutes and 33.1 
seconds. 

"These figures pertain to measurements of the lunar 
orbiting time made from the Earth. If the same are made 
from a distant star, the month turns out to be made up of 
twenty-seven days seven hours forty-three minutes and 11.5 
seconds. This is known as the sidereal month. I am sure 
you have noticed that these three measurements of the 
interval of one month do not agree with each other. Einstein 
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provided the explanation for these variations with his theory 
of relativity. The Earth is not static; nor is the Moon. They 
keep moving constantly. The distant star in comparison can 
be considered to be stationary. So the actual computation of 
time would depend on whether the measurement is made 
from a stationary platform or one which is in uniform mo¬ 
tion. 

"The variations notwithstanding, the lunar orbital pe¬ 
riod does provide a peg for defining a month. Whichever is 
taken as the reference point, the number of lunar orbits dur¬ 
ing one full orbit of the Earth around the Sun works out to 
be between twelve and thirteen. It is somewhat closer to 
twelve than it is to thirteen. So it was decided that a year 
consists of twelve months. 

"A year according to both the Indian almanac and the 
Gregorian calendar is made up of twelve months. The lunar 
cycle, as I have already explained, provides the underpin¬ 
ning for that decision. The astronomers, however, look at it 
from a different perspective. They look at the apparent mo¬ 
tion of the Sun. While it is true that the Sun is stationary and 
the Earth is in a state of motion, to us earthlings, it appears 
to wander through the skies during the day as well as the 
year. That is why its position on the horizon at sunrise keeps 
changing. If one keeps tab of this apparent movement, then 
the Sun seems to be traversing through the zodiacal constel¬ 
lations. This is a very regular and periodic movement. That 
is why the Makar sankranti always falls on the 14th of Janu¬ 
ary. That is the day on which the Sun enters the zodiacal 
constellation of Makara or the Capricorn. Since the number 
of zodiacal constellations is twelve, the year consists of 
twelve months even according to the astronomers. Their 
month is, however, a solar month—different from the lunar 
month followed by the calendars." 

Having thus settled the score by narrating the founda¬ 
tions on which the units of a second, a day, a month and a 
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year are based, Vikram paused for a moment. That gave the 
apparition ample time to settle his own score with Vikram. 
He did not lose even a moment to get back to his original 
place on the pipal tree. 
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Vikram did not allow frustration to take charge of his mind. 
Resolutely he stuck to his task by taking the lifeless body 
inhabited by the spirit down from its comfortable perch on 
the branch of the pipal tree. He placed it on his shoulder and 
started moving purposefully towards his destination. Cer¬ 
tain that he was not to be detracted from his path, Vetal 
started asking him questions apparently to clarify some 
points. His real intention doubtless was to make Vikram talk, 
thereby breaking his vow of silence. 

"This is ridiculous. You devise umpteen methods for 
standardising a second. That is equally true of the month. 
As if the resultant muddle was not enough, you make some 
measurements from the Earth and others from some deso¬ 
late distant star whose existence was unknown otherwise. 
No wonder you obtain conflicting data. Citing that very rea¬ 
son you go on yet another foolhardy expedition with a view 
to finding a universally acceptable standard. Isn't all this 
self-inflicted torture akin to your own venture of trying to 
carry me to that cemetery? I am not at all surprised that the 
number of days in a month goes on varying all the time. Of 
course, the month of February takes the cake. This year is 
the worst, with people kept wondering whether it would 
consist of twenty-eight days or twenty-nine or even thiry. 
Why don't you consider making every month to be consist¬ 
ing uniformly of thirty days? Is that a very difficult proposi¬ 
tion?" 
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Vikram was giving a patient hearing. Secretly he had 
hoped that the spirit would go on. Had Vetal done so may 
be he could have increased his pace and reached the cem¬ 
etery before the phantom finished framing his question. Alas, 
that was not to be! Perhaps Vetal had read his mind. So he 
stopped just in time. Vikram had to start responding for he 
could indeed provide a logical explanation. "Do you hon¬ 
estly believe that such a simple solution would not have 
occurred to the sages and scholars engaged in the 



Fig 17.1: The need for the leap year stems from the fact that the time the 
Earth takes to orbit the Sun does not add up to an exact number of days. 
The diagram shows what would happen without leap year. If the Earth 
begins an orbit at point A, it should return to /I in a year. But 365 days 
later it is at B, almost a quarter of a day short of its starting point. Two 
calendar years later the Earth is at C, three years later at D and after four 
vears at E, a full day short of point A. In a century New Year's Day would 
slip back more than 20 days. To correct this cumulative error, a day is 
added each leap year. 
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endeavour? Indeed, initially a similar arrangement was in 
vogue. Alternate months consisted of twenty-nine days and 
the others were made up of thirty days. Adding all those 
brought the total of number of days in one year to only 354. 
That fell short of the actual figure of a little over 365, which 
is what the Earth takes to complete its orbit around the Sun. 
So, one day was added to each month. Now the alternate 
months consisted of thirty days and the others had thirty- 
one days. That turned out to be an overkill. The number of 
days in one year now totalled 366, which was in excess of 
what was needed. Obviously some trimming had to be done. 
The situation was made more complex because some months 
were named after a few prominent personalities. They had, 
perforce, to be given extra weightages by letting them have 
thirty-one days. The sum result of all this chopping and 
churning was that the axe fell heavily on the month of Feb¬ 
ruary. It was left with only twenty-eight days. That was be¬ 
cause the month of August, which had just been named af¬ 
ter the mighty Roman Emperor, Augustus Caesar, could not 
be left with only thirty days. If one more was to be added to 
that month, some other month had to make the sacrifice. 
Poor February was the chosen one. 

"Pope Gregory called a halt to this constant revision 
when he set about the task of standardising the calendar. 
Since then, there have been no new changes except for the 
addition of those leap seconds. The Indian calendars never¬ 
theless continued to adhere to the practice of observing the 
lunisolar month. That depended on the actual and some¬ 
what wayward movement of the Moon. So the number of 
days keeps varying constantly, necessitating observance of 
the intercalaris month. 

"Among several innovative changes introduced by 
Pope Gregory was that of recognising different days in the 
month numerically rather than bv some nomenclature. More¬ 
over, thev were marked sequentially so that every new 
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month began with the day 1 and so on till it ended on the 
day 30 or 31, as the case may be. The Greeks before him had 
introduced a very complicated system They used to divide 
each month into three equal parts of ten days each. In other 
words, the first ten days in any month in calendars currently 
in use were the same as those in the Greek calendar. But the 
eleventh day happened to be the first of the second part and 
the twenty-fifth the fifth of the third part. 

"The Romans had another mind-boggling scheme. They 
used to observe three special days every month. Their places 
in the sequence of days were fixed. They were named as 
Calends, Nones and Ides. All the other days were counted 
backwards from one of these days. That meant that if Calends 
was still four days away, then that particular day was iden¬ 
tified as Calends minus four. Calends was alwavs the first 
day of a month. Ides usually occurred in the middle of a 
month either on the thirteenth day or on the fifteenth. Nones 
was nine days prior to the Ides. You may recall that 
Shakespeare has cited Ides. In his celebrated play Julius Cae¬ 
sar soothsayers tell Julius to 'beware the Ides of March'. They 
had warned him of unexpected and grave calamity that was 
to befall on the day of Ides in the month of March. He had to 
be on his guard on that day. But the Roman way of counting 
days in a month was so complicated that it defied all logic. 
It is possible, therefore, that Julius Caesar failed to count 
correctly and remained complacent when the ill-fated day 
dawned. Perhaps his own folly of not counting properly was 
responsible for his downfall. But he put the blame on Brutus. 
That was quite uncharitable. What do you think?" 

Vetal only asked questions and never bothered to 
reply to any. By the time Vikram remembered that, the 
spirit had conveniently sprinted away to his usual place of 
reverie. 
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Vikram was disgusted with himself. 'Why did I have to put 
my foot in the mouth? The spirit was so engrossed in listen¬ 
ing to my narrative. I should have just gone on. He would 
have forgotten to interrupt me. I could very well have 
reached the destination. But then I had to go and spoil it all 
by asking Vetal whether Caesar was caught napping on be¬ 
ing confused by the Roman ways of counting the days of a 
month. If at all anyone was caught with his guard down it 
was I. Stupid of me!', he thought. But there was no use cry¬ 
ing over spilt milk now. Whatever had happened was best 
forgotten. He had to gird his loins and trudge back to the 
tree to start carrying the genie to the cemetery yet again. 

Vetal too was looking forward to Vikram commencing 
his walk. He had started needling the king intent on break¬ 
ing his silence. But he was getting more and more inter¬ 
ested in this chronicle of time. He fired off a fresh salvo as 
soon as Vikram took the first step, "All right. I accept that 
notwithstanding the contrasting measurements, the month 
also has a reliable foundation of a natural cycle. If the Moon 
does not follow a set regular pattern going around the Earth, 
you cannot be blamed. I can appreciate that. But you also 
observe another unit besides the day and the month and the 
year. As a matter of fact, that is the one which is used exten¬ 
sively in your working life. You must have guessed that I 
am talking about the week. Which natural cyclic event pro¬ 
vides the basis for determining the measure of the week? 
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I shall not accept any plea of ignorance. I am positive that 
you know the answer to my question. So it would be in your 
own interest that you come forth without delay." 

Despite the sense of urgency he detected in Vetal's talk, 
Vikram seemed to be in no hurry to break his silence. For 
Vetal had indeed asked a difficult question. Vikram genu¬ 
inely did not know the correct answer; nor, he believed, did 
anyone else. Yet, he gathered, it would not do to keep quiet. 
The apparition had made it clear that he did not want any 
excuse. So, hesitantly, Vikram started, "You certainly have a 
point there. A week is the most commonly used unit at the 
workplace. Terms like weekdays, weekend, and working 
week are very much in vogue. In several places the workers 
are paid their wages at the end of each week. Naturally, for 
the common folk a week is a very valued unit of time. That 



Fig. 18.1: Day 7 - Quiet please! God is resting. 
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said, I have to confess, I do not really know how it came into 
being. I don't think anyone knows. It is a mystery. The an¬ 
cient Jews are thought to have introduced it for the first time. 
One finds the Bible mentioning it. The story of Genesis in 
the Old Testament tells us that God created this Universe in 
six days and then rested on the seventh, the sabbath. The 
Old Testament is sacred to Christianity and to Islam as well. 
So, following in the footsteps of the Creator, the common 
folk must have also started the practice of working for their 
livelihood for six days and resting on the seventh. Together 
it constituted the week. So it is more of a tradition than a 
natural rule. 

"Even though there is general agreement about this 
principle of a week, there is considerable difference of 
opinion among different religions and civilisations about 
the precise day of rest and hence, the structure of the week. 
According to Judaism, the interval between sunset on 
Friday and sunset on Saturday constitutes sabbath. On 
the other hand, the followers of Islam consider Friday 
itself as the day of rest. They call it jumma. Nonetheless, 
at present, Sunday is accepted as the day of rest the world 
over. 



SUNDAY: Sun's day from Latin 
Dies solis. 


MONDAY: Moon's day from 
Latin Dies lunae. 
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"It is also interesting to 
note that despite the obvious 
differences the days are named 
in identical fashion by all the 
various civilisations. The seven 
celestial spheres easily visible 
to the naked eye were logical 
choices for naming the days. Of 
these, the Sun is a star. Mercury, 
Venus, Mars, Jupiter and Saturn 
are all planets just like our own 
Mother Earth while the Moon 
is a satellite of the Earth. 
However, at that dL^nt past 
this was not known. So, all of 
these were deified. It was but 
natural that the seven days of 
the week should be named after 
the seven gods in the sky above. 
The Sun was considered first 
among equals and given a 
special status insofar as the day 
named after him has been 
chosen as the day of rest. 

"Names of the seven days 
in all the Indian languages 
make clear their relationship 
with the gods above. This is 
equally true of French, Spanish 
or Italian, languages closest to 
Latin. It is very easy to see that 
the names are plainly Moon's 
-■-y — J”pit''-'S u~y u- Vtt’s's 
day. Why is it then, you may 
like to ask, that the English 


TUEDAY: After Tiw, Teutonic 
god of law. 


WEDNESDAY: After Woden, 
principal Teutonic god. 
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THURSDAY: After Thor, Teutonic god FRIDAY: After Fria, Teutonic 

of war. goddess of love. 



SATURDAY: After Saturn, 
Roman god of agriculture. 


Ln 6 u ao ^ triads a dx^x^m 
course? Monday can easily 
pass as a colloquial variation 
of Moon's day. But the names 
Tuesday, Wednesday, Thurs¬ 
day or Friday are evidently 
different. In reality, that is not 
so. The difference is deceptive. 
For, at the time the days were 
named, England was ruled by 
the Vikings of Norway. Not 
only was the court language 
Norwegian, but also that of 
the man in ' e s ree . ~o t’ e 
Norwegian names of the 
gods above constituted the 
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roots for the naming of the days. Thus, even the English 
does not constitute an exception. Such unanimity among 
the diverse people of the world is rather rare." 

Pleased with that detailed narration ending with the 
theme of unity among diversity, Vikram paused. Having fin¬ 
ished his self-designed task of making Vikram talk, Vetal 
wanted to rest. So he took off for the pipal tree. 
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There was no way left for Vikram but to go backwards. He 
cursed Vetal for that. At the same time he had to give him 
his due. So far he had always thought that the apparition 
was asking all the questions merely to make him speak out, 
thereby breaking his vow. But after the last couple of times 
he had had to change his opinion. Vetal could be trying to 
trap him by asking some very shrewd questions. He had to 
be on his guard and could not afford to become smug. Shak¬ 
ing his head, he cleared his mind and decided to concen¬ 
trate on the task in hand. 

Having reached the spirit's favourite resting place, he 
took the body down, placed it on his left shoulder and started 
sauntering back with carefully measured steps. 

Vetal was really impressed with Vikram's doggedness. 
But he did not give expression to that. Instead, he started in 
his usual mocking manner, "I admire your candour, Vikram. 
You had the courage to admit that the week was not teth¬ 
ered to any cyclic natural event. It is more of a tradition. But 
that is not the only illogical aspect of your attempts at 
timekeeping. I see that for almost all the other weights and 
measures, you have now adopted the metric system. Even 
that most treasured of your possessions—the money, is 
bound by decimal currency. Why is it then that you have 
not brought in the decimal system for timekeeping as well? 
Why do you insist on having this harebrained, complicated 
system? A year is made up of twelve months. A month 



5 MAY, 2000 


77 


consists of thirty days. A day spans twenty-four hours 
whereas sixty minutes make up an hour. As if that was not 
complicated enough, you have to have this seven-day week. 
Utter madness, if you ask me. It flouts logic. Yet, you hold 
on to it dearly. Why? Is it some kind of a security blanket?" 

If Vetal had hoped that Vikram would readily concede 
his point, he was sadly disappointed. For no sooner had the 
spirit put forth his view than Vikram aired his disagreement 
vehemently, "Nothing of the kind," he said, his voice rising 
a little. But he brought it under control and continued, "It is 
very logical as we shall presently see. It might appear to be 
rather irrational to someone who is studying it for the first 
time. But he would soon see that it is only a superficial ve¬ 
neer. Underneath, it is full of coherent reasoning. And I can 
cite not one but three such major reasons. The first one, of 
course, is the basic pivot on which this entire exercise of 
timekeeping rests: the orbital movement of the Earth. As we 
have seen, the Earth goes round a full circle while travers¬ 
ing that orbit. A circle is made up of 360 degrees. So the 
Earth moves through that angular path. While doing so it 
spins around itself. Since the Earth itself is spherical that 
movement also spans 360 degrees. Moreover, the total num¬ 
ber of spins that are equal to one full orbital movement is 
also approximately 360. In other words, there are approxi¬ 
mately 360 days in one year. Since that is the origin of the 
system of measurement of time that a number could not be 
replaced by another, which fits into the decimal system. 

"Now look more closely at that number of 360. It is a 
very fascinating one. It is divisible by all the first six num¬ 
bers, 1, 2, 3, 4, 5 and 6. The number of zodiacal constella¬ 
tions, which the Sun traverses in its apparent movement, is 
twelve; 360 can be divided by that number as well. The num¬ 
ber of constellations through which the moon moves 
constantly is twenty-seven. The Sun also has an apparent 
passage through these during one year. True, the number 
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twenty-seven cannot be divided 
by those six integers except 3. 

But then, it cannot be divided 
by 10 either. Before you try 
telling me that 360 is divisible 
by 10, let me point out that the 
quotient for a full normal inte¬ 
ger is not a decimal integer. It 
would have to be considered a 
decimal fraction. 

"It would have been sheer 
pigheadedness under the 
circumstances to introduce the 
decimal system for measure¬ 
ment of time. Rather, it is more 
rational to resort to a system 
which is in coherence with the 
natural turn of events. The choice of twelve for the number 
of months in a year or thirty for the number of days in a 
month was dictated by the respective events presented by 
Nature itself. The choice of a number for further smaller 
divisions of a day had, therefore, to be consistent with those. 
If that number was also divisible by the first six integers, 
then that would add to the convenience. You would thus 
see the logical reasoning that led to the decision that a hour 
is made up of 60 minutes and a minute consists of sixty 
seconds. According to the Indian system a day consists of 
sixty ghatikas with the day and night each comprising thirty 
ghatikas each. Would you still like to stubbornly adhere to 
your view that the system defies all logic?" 

Vikram was so excited defending the existing system 
of timekeeping that he forgot that Vetal never answered any 
questions. But by the time he realised his mistake, it was too 
late. The spirit had spirited away to his usual abode up the 
tree. 
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Vikram was dismayed. He could not understand how he 
continued to make the same mistake. Unwittingly, he was 
providing Vetal the opportunity needed to leave his shoul¬ 
ders and rush off to his favourite perch on the tree. Even a 
ghost of a chance was sufficient for the spirit to undo all the 
hard work that Vikram was putting in. And Vikram had done 
just that with his spirited defence of the existing setup for 
devising the different units of time. However, all that was 
hindsight, which is always very clear. It was of no practical 
use though. He had to soldier on, he realised. 

The next moment he turned back. Having placed the 
genie on his shoulder, he took a firm step forward in the 
direction of his goal. 

Vetal was having a quiet chuckle. He was amused by 
Vikram's discomfiture. However, taking advantage of the 
spirit's inaction, Vikram increased his pace. Sensing that 
Vetal hurried to ask another question, "So, according to you, 
the current heximal system is the best for timekeeping. Does 
it mean that the decimal system was never used for that 
purpose?" 

Though unexpected, Vikram was ready for this loaded 
question. He was not going to let the phantom get away 
with such ploys of trapping him. So he started forthwith, "I 
did not say that. A little over 200 years ago when the French 
revolution was under way, patriotism in that country also 
reached unprecedented heights. The revolutionary leaders 
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had already proclaimed that the 
French language would be the 
lingua franca and usage of no 
other language would be 
tolerated. Now Robespierre, a 
very senior leader, insisted that 
the metric system, which was in¬ 
vented by the French, should be 
employed for all the measuring 
practices, including those for 
timekeeping. Talleyrand lent his 
support to this dictum. That was 
easier said than done. To imple¬ 
ment it was no mean task. All 
kinds of details had to be studied 
carefully and the nitty-grittys had to be worked out. Gilbert 
Rohm, who was a member of the science wing of the Revo¬ 
lutionary Council, undertook this assignment. 

"In October, 1793, that is barely a month after Queen 
Marie Antoinette was beheaded, the council took the deci¬ 
sion to introduce a radically new French calendar. At that 
time it was also thought that the decimal time could be given 
currency with effect from 22nd September, 1794. That par¬ 
ticular day was chosen since it is that of the winter solstice. 
The Sun is over the equator on that day and day and night 
are of equal length. It thus was a most suitable day for start¬ 
ing the revolutionary new clock. 

"According to this scheme, 100 seconds made up a 
minute, while a hour was to last for 100 minutes. The day 
was to consist of ten hours. No changes were contemplated 
in the duration of either the month, which was to continue 
to have thirty days uniformly or the year, which was made 
up of twelve months. However, that accounted for only 360 
days of the year. The five extra days that the Earth takes to 
go round the Sun were considered redundant. Nonetheless, 



Fig. 20.1: Robespierre favou¬ 
red the metric system for time¬ 
keeping. 
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a special arrangement was to be made to account for them. 
In addition, the week was to consist of ten days instead of 
seven. It was, therefore, redesignated as a deckade. Naturally, 
there was only one day of rest per deckade. It was envisaged 
that such an arrangement would help reduce the number of 
holidays and correspondingly increase the number of work¬ 
ing days. The plan, if successful, would have reduced the 
influence of religious leaders as well kill two birds with one 
stone. But the peasantry in the rural areas did not give up 
observing the religious holidays. The net effect was thus 
contrary to expectations. The number of holidays got a boost 
rather than a trimming. 

"However, riding a revolution is not different from 
riding a tiger. One cannot afford to get off even for a mo¬ 
ment, lest one should be devoured by the mount. Robspierre 
learnt this lesson to his detriment. He fell prey to the wave 
of executions that he himself had unleashed. He was guillo¬ 
tined. The wind was thus taken out from the sails of the 
decimal time movement. Within a decade it was abandoned. 
Many leading scientists and engineers had publicly sup¬ 
ported the decimal time system. In practice, though, they 
did not sponsor its usage as vociferously as they had that of 
the metric weights and measures, as well as of currency. Only 
Rohm had persevered single-handedly to complete the 
project for production a clock based on the decimal system. 
But he too became a victim of the revolution and was ex¬ 
ecuted. No one was left to take up the cudgels on behalf of 
decimal timekeeping. Nonetheless, some of the watches and 
clocks produced experimentally during the period have sur¬ 
vived. They can be seen at the Louvre in Paris. Of these, the 
one manufactured by Louis Berthould is still ticking away 
merrily and accurately. The hour hand in this particular clock 
has been designed so ingeniously that it indicates both the 
decimal hour and the heximal hour. It also possessed a sec¬ 
ond hand, which denotes the decimal second. Another clock 
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depicts a day as consisting of ten hours as well as the more 
common twenty-four hours. The heximal system occupies 
the left half, while the decimal one occupies the right half. 
La Liberte, which is emblematic of the French nation, sits in 
the middle but has turned her back on the old heximal sys¬ 
tem. Metaphorically La Liberte thus appears to be favouring 
the decimal timekeeping. 

"It is quite symbolic that these clocks can now be found 
only in museums, for the decimal system, which had 
prompted their production itself, has become a museum 
piece. Notwithstanding its vigorous promotion by Robes¬ 
pierre, the peasantry had found it to be very inconvenient. 
Moreover, the concept of a twenty-four-hour day was so 
deeply and firmly rooted in the minds of the people that it 
would have taken a Herculean effort to dislodge it." 

The strenuous efforts put in by Vikram had also like¬ 
wise failed to dissuade the apparition from observing his 
routine of trudging back to his dwelling on the pipal tree. 
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Vikram was a trifle annoyed with the spirit. He was narrat¬ 
ing such a thrilling tale. Revolutions, like war, do make a 
rattling good story. Yet all that Vetal seemed interested in 
was to prevent Vikram from keeping mum and then getting 
back to that ancient tree. Still, there was no point losing his 
peace of mind. There was nothing he could do about it ex¬ 
cept to stick to his task with grit and fortitude. He did just 
that. Carrying the phantom piggyback, he started marching 
steadfastly. 

Vetal on his part was equally firm not to allow Vikram 
to complete his mission. He started putting forth his que¬ 
ries, "You have just been telling me the experimental clocks 
the French manufactured during that brief period when deci¬ 
mal timekeeping system held sway. But as you yourself 
pointed out, these can be seen only in museums. They are 
not in common usage today. On the other hand, clocks and 
watches displaying twelve hours are galore. Who made them 
and when? You did not say a word about them." 

"You did not allow me to," Vikram protested before 
the spirit had a chance to blame Vikram and hold out his 
threat. "Before I could even open up the topic you chose to 
disappear." 

"Clocks and watches help us keep tab of the events 
that transpire in a single day. Man had not felt a need for 
that until relatively recently. Earlier it was enough for him if 
he could keep abreast of the changes of season and such 
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annual events. So all attention was focused on developing 
accurate calendars and almanacs. These also helped to main¬ 
tain a reliable record of the waxing and waning Moon. In¬ 
tervals between various events within a single day started 
catching attention and gaining importance only around 5,000 
or 6,000 years ago. It was then that attempts to build clocks 
started in real earnest. There are no trustworthy records dat¬ 
ing from the Sumerian or Babylonian periods that speak of 
clock-building activity. The only indications available im¬ 
ply that during their rein considerable progress was made. 
That gives credence to the suggestion that the concept of a 
clock had taken root at the 


time. Nonetheless, there is 
no authentic evidence in 



Fig. 21.1: Egyptian T-stick. 


support. The Egyptians 

from all accounts seem to ^ 

have constructed the first 

clock, although that could 

still be considered a * 

conjecture. Around 5,500 

years ago, the Egyptians 

had fabricated an Fig. 21.1: Egyptian T-stick. 

implement that helped 

them to monitor movement through time. Perhaps for want 
of a better word, it could be called a clock. 

"We all know now that the Sun is stationary and the 
Earth moves around it in a fixed orbit. While doing so it also 
spins around itself. Even so, since we inhabit the Earth, we 
feel as if we are stationary and the Sun traverses the sky 
from the east to the west. This is much like a person sitting 
in a train which starts moving away from a station. Even 
though his train is moving, he thinks that the one on the 
other side of the platform is actually chugging along. When 
the train is going ahead at full steam one feels that the trees, 
mountains, lakes, all the surroundings are travelling at a 



19 MAY, 2000 


85 


high speed in the reverse 
direction. The apparent 
movement of the Sun is a 
similar illusion. Yet, that 
came in very handy for 
building a clock that 
designated the passage of 
time during a day. For that 
purpose tall towers, broad 
at the base and tapering 
towards the top, were built. 

One sees such towers in 
London and Paris even 

-y. - 

obelisks. A lot of open 
space surrounded the 
obelisk. The length of the 
shadow of the standing tower on the ground gave an 
indication of the position of the Sun and hence, the interval 
of time that had elapsed since sunrise. At sunrise the Sun is 
on the horizon and hence, the shadow extends over a long 
distance. As the Sun ascends the sky, the length of the 
shadow decreases till at noon it keeps hovering around the 
foot of the tower. As the Sun continues its progress, the 
shadow again starts lengthening though in the opposite di¬ 
rection till at sunset it is once again the longest. The day 
was thus divided in two halves—one up to the noon and 
the second one after the noon. 

"The spread of the shadow around the base at noon 
also varies during the year. On the longest day, it occupies 
the least area, while on the shortest day of the year the di¬ 
ameter of the shadow around the base of the obelisk is the 
maximum. So, the clock not only allowed one to gauge the 
time of the day but also, to an extent, the time of the year. 

"Ingenious as this was, such a clock could not be 



Fig. 21.2: An obelisk: Egyptian clock. 
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carried in one's pocket 
while travelling around the 
globe. As human activities 
started extending to ever 
new walks of life, the need 
of a mobile clock was more 
acutely felt. When travel¬ 
ling to distant lands such a 
Cxock would ^rove to be ex¬ 
tremely convenient. Such a 
mobile clock based on the 
same principle of the 
shadow clock was first constructed around 3,000 years ago. 
For that purpose, a shorter wooden plank was placed at the 
head of a longer plank and at right angles to it. Moreover, 
the head plank was also placed vertically in such a way that 
its shadow would fall on the longer horizontal plank. That 
plank was graduated so that the length of the shadow could 
be measured. During the morning, the horizontal plank of 
the clock was placed in the east-west direction. In the 
afternoon it was reversed. Thus, the period of daylight was 
divided in two periods. In turn, each of these periods was 
sub-divided into five intervals of equal length. Together with 
the two twilight periods, the day constituted twelve hours." 

As Vikram stopped to catch his breath the phantom 
considered it to be a twilight period in their march and took 
advantage of that to get back to its resting place. 
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'Once his question is answered, even if partially, Vetal does 
not fail to go back to his dwelling up the tree. That compels 
me to go back there and take him down from his post. I 
have to then put him on my back and start carrying him to 
the cemetery over yonder. That brings about a state of limbo. 
I cannot make much progress because he keeps asking ques¬ 
tions to respond to which I have to break my silence. Nei¬ 
ther can 1 go back on my own till he has asked the question. 
And he delays it at times just to cause me that extra bit of 
discomfort. So, this is also a sort of twilight in which both of 
us are interminably caught/ So thought Vikram and was 
pleased with this queer idea. But there was no time to waste 
on such distractions. There was unfinished work on hand. 
Much to his chagrin, he had to turn back to start carrying 
the apparition once again. 

The next moment he shrugged off his frustration and 
started making his way to the pipal tree. The phantom saw 
the glint of a new resolve in Vikram's eyes when he started 
striding back towards his predetermined goal. Hurriedly, 
lest Vikram should reach the destination, the spirit raised 
the next question, "All these Egyptian clocks that you talked 
about were of the sundial type. In other words, for them to 
be of any use it was necessary that the Sun shines in the sky. 
That must have limited their use considerably since the 
Sun stays in the sky only during the daytime. That would 
thus be the period over which the clocks could be of any 
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assistance. They would be rendered useless at night. How 
would one determine the passage of time during that shad¬ 
owy period? Or wasn't that necessary?" 

Vikram was impressed by the genie's inquisitiveness. 
He had hit the nail squarely on its head. He had made yet 
another noteworthy attempt to catch Vikram unawares. But 
Vikram was not unduly worried for he was well prepared 
to tackle the spirit's questions. "You would of course draw 
such a conclusion. To be honest I can answer your question 
in one word, 'yes'. But I know that you will not be satisfied 
with that and will start accusing me of withholding infor¬ 
mation from you. So I had better elaborate. At the time these 
clocks came into being, almost all human activities were in¬ 
deed carried out in broad daylight. It was essential thus that 
one should know how much time had elapsed since one 
undertook a particular task or how much more time was 
left for him to bring it to completion. Once darkness per¬ 
vaded everywhere after the Sun had gone down, all the busi¬ 
ness came to a standstill. Since there was nothing to do, why 
should anyone be worried about the passage to time? Why 
should anyone get concerned about the length of time that 
had passed since nightfall or remained till daybreak? Obvi¬ 
ously, there was no need of a clock; for most that is. There 
were nonetheless some people whose work did begin after 
the Sun had set and it became pitch dark everywhere." 

On hearing that, the spirit snorted with derisive laugh¬ 
ter. That riled Vikram, "I can see what prompted you to do 
that. But you are wrong. I was not referring to the thieves in 
the night whose nefarious deeds need the cover of dark¬ 
ness. I was talking about the pioneering astronomers who 
could not watch the stars and other celestial bodies while 
the Sun was still livening up the sky. They needed to keep 
accurate records of the movements of those celestial spheres. 
For that purpose they had to know how much time had 
elapsed since sunset or how much longer it would be before 
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Fig. 22.1: The sundial. 


the Sun reappeared. That had to be done with a degree of 
accuracy to boot. For their convenience an instrument called 
the merkhet was built. 

"It seems to have been first used around 2,500 years 
ago. Aimed at the pole star it had to be held in the north- 
south direction. With reference to that line, the movement 
of those stars that were regularly seen in the sky at the same 
position every night were monitored with a view to keep 
tab of the passage of time. True, its use was rather limited, 
though it served the cause of the astronomers quite 
admirably. The ordinary folk had little use for that. They, 
nonetheless, were fairly happy with the various sundials 
that were easily available. Some of these were hemispheri¬ 
cal rather than discoid. They were produced by chiselling 
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out a portion of a rock. A needle was fixed at its centre and 
the diameter of its shadow gave an indication of the hour of 
the day. These can be considered the ancestors of the present 
day disc watches and clocks. As the popularity of those hemi¬ 
spherical sundials increased, their depth decreased. For the 
depth was not seen to add to the accuracy of measurement. 
The resulting shallowness gradually paved the way for 
clocks shaped like a dial. These clocks were in common us¬ 
age in Italy, Greece and Asia Minor, that is the Middle East 
of the present. Whether they had reached further east up to 
India is not well known, but the traditional sundials were in 
vogue here too. There is definitive evidence to that effect." 

Vikram could have gone on. But Vetal did not allow 
him to present any more evidence and took off for his place 
of rest. 
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Vikram was incensed with Vetal. The latter was not being 
fair at all. If he wanted to keep asking those questions, the 
least he should do was to wait till Vikram had finished an¬ 
swering them. But the phantom did not do that. He would 
take off in the middle of Vikram's narration. He then had to 
trudge back to that infernal tree. But there was no way the 
phantom coulc^be taken to task for that. For even to do that, 
Vikram would have had to break his pledge, providing the 
spirit just the opportunity to take off for his post. Well, he 
had to grin and bear it. So thinking, he patiently made his 
way to the tree and started carrying the lifeless body to¬ 
wards the cemetery. 

Vetal was impressed by Vikram's perseverance and the 
will to overcome all odds. But he was afraid that if he started 
articulating his admiration, Vikram might grab the chance 
and make haste to reach his destination. So he too stuck to 
his groove and started formulating his next question, "All 
said and done, you would have to grant that these contrap¬ 
tions of yours are inadequate. Whether during the day or 
the night, these can at most tell you of the hour. These are 
not of much use when it comes to measuring smaller inter¬ 
vals. If that is the case, why pretend to have those units of 
minute and second at all? What use are they?" 

Vikram was preparing to talk about them when the 
genie had disappeared the last time. Nevertheless, he 
launched into his answer straightaway, "You would have 
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Fig. 23.1: Water clocks of many kinds were devised in olden times. 


learnt that had you waited a minute longer. I had said right 
at the beginning that man had realised very early that time 
constitutes an eternal flow. Isaac Newton, in formulating 
the basic concepts of classical physics, compared absolute 
time to a stream flowing at a uniform rate of its own accord. 
Extrapolation of that idea prompted some people into think¬ 
ing of using some kind of flow for measurement of time. 
Some substance which flowed of its own accord and which 
could accumulate or decay at a uniform rate would prove 
valuable for the purpose. Especially, a substance, which kept 
diminishing at a constant rate would be appropriate as time 
also keeps slipping from our hands. 

"This kind of thinking encouraged the Egyptians to 
fabricate the water clocks. Dating from at least 1500 b.c., the 
use of water flow to measure time is amongst the earliest 
timekeeping devices not dependent on the observation of 
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celestial bodies. These clocks had the advantage that these 
could be used at night, as well as in daylight. 

"Early water clocks were stone vessels with sloping 
sides that allowed water to drip at a nearly constant rate 
from a small hole near the bottom. Other water clocks were 
bowl-shaped containers that slowly filled with water at a 
constant rate. Markings on the inside surfaces measured the 
passage of time. Waterbowl clocks were still in use in North 
Africa earlier this century. 

"The Greeks, who are known to use them from 325 b.c., 
called them the clepsydra, meaning a 'water thief'. The clock 
consisted of two pots of water, one below the other. The one 
at the top was filled to the 
brim. It also had a hole at 
the bottom through which 
water poured into the 
lower pot. The name 'water 
thief' originated from the 

perception that the lower . 

pot robbed the upper one 
of its treasure of water. 


"The upper pot was 
graduated to show the re¬ 
ceding level of water, 
which corresponded with 
the hour of the day. 
Likewise, the lower pot 
could also be graduated to 
depict the rising level of 
water. That should remind 


you of the ghatikapatra 
used by priests solemnis¬ 
ing a traditional Hindu 
wedding. It was used to 
keep track of the precise 


Fig. 23.2: The Greeks devised the 
clepsydra. 
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sacred moment. It consisted of a small conical bowl with a 
hole at the bottom. This was placed in a bigger vessel, full of 
water. Initially the bowl floated. But as water started flow¬ 
ing in through the hole, it kept sinking. As the water level in 
the bowl rose, the rate of sinking increased till at one mo¬ 
ment the bowl got submerged. That was the muhurta or the 
sacred moment, which was expected to shower eternal bliss 
on the couple getting married. The ghatikapatra was, thus, 
also a kind of water clock though serving a limited purpose. 
So, the use of water clocks appears to have been quite com¬ 
mon. 

"The earliest use of water clocks was in the fifteenth 
century before Christ, that is around 3,500 years ago. The 
prosperous temple of Karnak in Egypt dating from that pe¬ 
riod possessed such a clock. One can see it today in the 
museum located there. The tomb of the Egyptian Pharaoh, 
Amhenotope, also had another. The Chinese started using 
these widely around the sixth century b.c. By then the water 
clocks had become more sophisticated. The simplistic de¬ 
sign of two pots, one below the other, had given way to 
more refined versions in which the upper pot also bore a 
tap at the bottom to regulate the flow more evenly. In oth¬ 
ers, the lower pot carried a float, which kept rising with the 
increasing water level. A wire connected to the float was 
wound round a wheel, which then moved at the same rate 
with which the water level rose. All these improvements 
had made it possible to keep time much more accurately." 

Having said that Vikram suddenly paused. A doubt had 
crept in his mind. He wanted to clarify that before Vetal had 
a chance to raise it. But the pause gave ample opportunity 
for the apparition to steal a march over Vikram and hotfoot 
it to the tree. 
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'The phantom also seems to be slipping out of my hands 
not unlike water from the upper pot leaking out continu¬ 
ously/ thought Vikram. He wondered if a clock could be 
constructed on the basis of that principle. But he did not 
have the time to pursue that bright, if crazy, idea. He had 
unfinished business on hand. He, therefore, hastened much 
like that priest who had a hard time keeping pace with the 
sinking ghatikapatra. Going back to the tree, he carefully took 
down the inert body and started marching towards his goal. 

The genie too was ready. He did not lose any time in 
putting forth his inevitable question, "You may applaud 
those water clocks but I don't think much of them. They 
could not hope to be accurate at all. The rate of flow from 
the upper pot would keep varying with the changing level 
of water in it. The greater the amount of water in that pot 
the higher would be the rate of flow. As the amount de¬ 
creases, so would the rate at which water leaked out. In win¬ 
ter the water might freeze, blocking the flow altogether. How 
would the apparatus work under the circumstances? Did 
not this problem restrict their utility? I am sure you know 
the answer. So..." 

Vikram did not allow him to say any more. He knew 
from past experience that the apparition would mouth his 
usual threat. Moreover, the very doubt had occurred to him 
earlier. So he was not unprepared to respond to that query, 
"You are not wrong in supposing that the water clock could 
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' be accurate ‘ 11. That is why o e 
other material that was not affected by 
temperature or other variables of the 
climate were sought. That led the 
Chinese to employ mercury in place of 
water. Though it did not boil or freeze, 
at temperatures encountered during the 
changing seasons its high viscosity did 
not allow it to flow easily or smoothly. 

It did not thus prove to be a good 
substitute. Some used sand instead. The 
sand clock was made up of two conical 
f-, p -p ng .nd.. 

touching each other. Through the small Fj ^ 2 av A sand clock 
constriction at the point they made 
contact, sand from the upper flask 
flowed into the lower one. It could be turned upside down 
for repeated use. Sailors used a type of sand clock when 
they used hourglasses on their sailing ships. Each time it 
was turn for another sailor to come on deck and look for 
ships, he would turn the hourglass when he started his job. 
When the sand ran out, then it was time for another sailor 
to take his place. Even now, sand clocks are used. Many 
people use a type of sand clock to measure when an egg is 
cooked to perfection! Hardy as they were, the sand clocks 
too suffered from the same problems as those of the water 
clocks. So their utility too was limited. They can be found 
today more as a novelty and are used for purposes that do 
not demand a high degree of accuracy. 

"In order to raise the level of accuracy of the water 
clocks, several modifications were introduced. One of these 
involved keeping a float in the upper chamber. This was 
connected by means of a wire to a valve. As the amount of 
water decreased, the lowering float forced the valve open, 
bringing fresh flow of water into that pot. The water level 
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was thus maintained at a constant value. Others kept a float 
in the lower chamber as well. As the level of water rose, so 
did the floating block. That was connected to a wheel, which 
moved in step. A disc similar to the dials one finds in mod¬ 
ern-day clocks and watches was attached to the wheel. That 
also moved in consonance and displayed the hour. Some of 
these even boasted of moving hands and graduated num¬ 
bers. Mechanical devices thus made a hesitant entry in this 
endeavour of timekeeping. 

"Some of the innovative water clocks also chimed out 
the hours. The flow of water in some others was used to 
open doors or make dolls to go through a routine of dance 
in accompaniment to musical tunes. In particular, clocks at 
prominent places in a town like, say, the church tower were 
embellished with intricate and attractive displays. This fas¬ 
cinated the citizenry and helped popularise the concept of 
clocks. Those better informed had become aware of the dif¬ 
ficulties in maintaining the flow of water. Deliberations con¬ 
cerned at finding better alternatives had led them to believe 
that a process that was repetitious or cyclic would suit the 
purpose of timekeeping most admirably. Keeping accurate 
time thus was not difficult. But attention would have to fo¬ 
cused on achieving greater accuracy. Though the water clocks 
were by themselves not very accurate, they bolstered man's 
confidence and helped him home in on to the fundamental 
principle of timekeeping. How can one belittle their impor¬ 
tance?" 

The phantom only asks questions but never answers 
one. Vikram knew that very well. Yet, in the heat of the 
moment, he did ask a question and paused for a tick, ex¬ 
pecting an answer. Vetal grabbed that chance with both 
hands and dashed back to his beloved pipal tree. 



16 JUNE, 2000 


Tears moistened Vikram's eyes. For the first time he was 
downcast. He was putting in a lot of effort and yet going 
nowhere. It. was as if he was running hard to be in the same 
place. He was not able to make any discernible progress. 

But that was only for a moment. Taking a deep breath, 
he brushed off the demoralising thoughts. Going back to 
the tree he placed the spirit firmly on his shoulders and 
started marching. 

Vetal wanted to try a new way of unsettling him. He 
gave a derisive laughter and said, his words dripping with 
sarcasm, "So, a lot of water had to flow down the stream 
merely for you to come to know the basic principle of time¬ 
keeping. Well, better late than never. I hope at least after 
that you were able to find ways of keeping time accurately. 
Or was it all water down a duck's back?" 

"You may try and ridicule our efforts. You may even 
have a hearty laugh at our expense. It is a historical fact that 
a new era of accurate timekeeping was ushered in with the 
introduction of mechanical devices. Nonetheless, the trig¬ 
ger for that was provided by another elaborate water clock. 

"A Macedonian astronomer, Andronicos, supervised 
the construction of his horologion, known today as the Tower 
of the Winds. It was located in the Athens marketplace and 
was built in the first half of the first century b.c. The name 
and the octagonal shape of the tower were inspired by the 
belief that there are eight winds. The octagonal tower, 3.20 
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metres long on each side, 
stands on a base of three 
steps and is built of white 
marble. It has a conical 
roof. At the top of each of 
the eight sides there is a 
relief representation of a 
wind, symbolised by a 
male figure with the appro¬ 
priate attributes and its 
name inscribed on the 
stone. There were sundials 
on the external walls and 
an elaborate water clock in 
the interior. This structure 
showed scholars and 
shoppers both as sundials 
and mechanical hour indi¬ 
cators. It featured a twenty- 
four-hour mechanised clepsydra and indicators for the eight 
winds. It also displayed the seasons of the year and astro¬ 
logical dates and periods. The Romans also developed 
mechanised clepsydras, though their complexity accom¬ 
plished little improvement over simpler methods for deter¬ 
mining the passage of time. 

"In the Far East, mechanised astronomical clockmaking 
developed from the year 200 to 1300. Third-century Chinese 
clepsydras drove various mechanisms that illustrated astro 
nomical phenomena. One of the most elaborate clock tow¬ 
ers was built by Su Sung and his associates in a.d. 1088. Su 
Sung's mechanism incorporated a water-driven escapement 
invented about a.d. 725. The Su Sung clock tower, over 10 
metres tall, possessed a bronze, power-driven armillary 
sphere for observations, an automatically rotating celestial 
globe, and five front panels with doors that permitted the 



Fig. 25.1: The horologion is known 
today as the tower of winds. 
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viewing of changing mannequins which rang bells or gongs, 
and held tablets indicating the hour or other special times 
of the day. This attracted visitors in thousands from far and 
near, inspiring them to build mechanical clocks. 

"Su Sung's clock ran from 1092 until 1126, when the 
capital, K'aifeng, was lost by the Sung dynasty. The clock 
was then dismantled, moved to Peking, and reassembled 
there, where it ran for some years more. Su Sung's clock was 
possibly the greatest mechanical achievement of the Middle 
Ages anywhere on the globe. Knowledge of its principles 
spreading to Europe led to the development of mechanical 
clocks in the West two centuries later. 

"The movement gathered momentum during the Eu¬ 
ropean renaissance of the fifteenth and sixteenth centuries. 
Various arts and crafts were actively promoted by the rulers 
and citizenry of the times. That led to building of totally 
mechanical clocks for the first time. The key elements of these 
clocks were intertwined 
toothed wheels or gears. 

They were so designed that 
the teeth that were caught 
in each other's way 
escaped the entrapment 
after a fixed interval. That 
led to the teeth next in line 
getting engaged, only to be 
relieved after the same 
interval. And so it went on. 

This was called the 
'escapement mechanism'. 

The more regular the 
process of blocking and 
escaping of the teeth, the 
more accurate was the 
measurement of time. The 



Fig. 25.2: Su Sung's clock ran from 
1092 until 1126 in K'aifeng. 
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lesser the interval between two consecutive steps in the 
process, the more sensitive was the measurement of time. In 
other words, as that interval became smaller, the extent of 
time it could measure too became correspondingly smaller. 
These clocks were mostly installed on towers. These were 
thus public property. Moreover they were huge and hence 
could not be carried along. 

"For these clocks to be reliable it was necessary that 
the escapement mechanism functioned smoothly over long 
periods. Initially the same trick employed in the earlier wa¬ 
ter clocks was used here too. The toothed wheels were moved 
by means of a wire attached to floating blocks of wood in 
the earlier water clocks. The same technique was employed 
in the initial versions of the mechanical clocks. One refine¬ 
ment was to use freely hanging weights to the chains wound 
round the gears. As the weights descended, they pulled 
down the chains moving the wheels. This mechanism made 
it possible to reduce the size of the clocks. Household clocks 
were thus built for the first time. Since the accuracy of the 
clock depended crucially on the regular and precise move¬ 
ment of the wheels, the weights which regulated the move¬ 
ment had to be accurately chosen. Even a tiny error badly 
affected the precision of the clock. Efforts were on, there¬ 
fore, to find viable alternatives. Those resulted in the use of 
tightly wound springs. As the spring uncoiled, the attached 
wheel moved. As long as the rate of unwinding was regu¬ 
lar, the accuracy of timekeeping was assured. No doubt, the 
spring had to be rewound at regular intervals. Nonetheless, 
the introduction of the spring mechanism ushered in the 
era of miniaturisation of precision watches." 

Narrating all this information had caused Vikram's 
vocal chords to get intertwined. To relieve them he paused 
briefly. That interval was sufficient for the phantom to 
escape to his favourite dwelling. 
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Concealing his disappointment, Vikram made an about turn. 
He did not even bother to count the number of these cyclic 
trips he had made so far. Instead he concentrated on the 
next attempt to carry the phantom to his destination. 

Vetal admired his perspicacity. But he concealed it. In¬ 
stead he concentrated on chiding Vikram, thereby provok¬ 
ing him to break his self-imposed promise of keeping mum, 
"So, at last you bid farewell to the water thief. Was it of any 
consequence? Did it help you succeed in making accurate 
measurements of time? Or was it all an attempt at writing 
on water? By the time one etches a letter it gets wiped out." 

"Not at all," Vikram replied with vehemence/'History 
will vouch that ever since mechanical contraptions were in¬ 
troduced, we have made increasingly accurate measure¬ 
ments of time. And we continue to 
reach even greater degrees of 
precision. The most important con¬ 
tribution of these mechanical 
devices was that it prompted us to 
look out for a mechanical yet 
natural repetitive process. It could 
then form the underpinning of the 
clocks. 

"The first step in that 
direction was taken by the Dutch 
scientist Christiaan Huygens. In 
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Fig. 26.1: Christiaan 
Huygens. 
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1656, he put together the first pen¬ 
dulum clock, regulated by a 
mechanism having a 'natural' pe¬ 
riod of oscillation. Galileo Galilee 
is credited with inventing the pen¬ 
dulum-clock concept, as he stud¬ 
ied the motion of the pendulum as 
early as 1582. In 1583, Galileo dem¬ 
onstrated that successive beats of 
a pendulum always take place in 
the same length of time, regardless 
of the distance through which the 
pendulum does swing. He even sketched out a design for a 
pendulum clock, but he never actually constructed one be¬ 
fore his death in 1642. 

"Huygens's design used a recoil escapement with an 
escape wheel and anchor with pallets called an 'anchor es¬ 
capement'. With the anchor escapement, much less energy 
was needed to keep the pendulum in motion, which im¬ 
proved accuracy. And clocks could be made much smaller. 
Huygens's early pendulum clock had an error of less than 
1 minute a day; the first time such accuracy had been 
achieved. His later refinements reduced his clock's error to 
less than ten seconds a day. 

"Around 1675, Huygens developed the balance wheel 
and spring assembly, still found in some of today's wrist- 
watches. This improvement allowed portable seventeenth- 
century watches to keep time correct to ten minutes a day. 
And in London, in 1671, William Clement began building 
clocks with the new 'anchor' or 'recoil' escapement—a sub¬ 
stantial improvement over the verge because it interfered 
less with the motion of the pendulum. 

"The frequency of a pendulum is only constant if it 
swings freely. If it is interfered with, its speed will be 
changed. Unfortunately, if the pendulum is never pushed. 
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Fig. 26.2: Galileo. 




104 


ABOUT TIME 


it will eventually stop swinging and it will be unable to con¬ 
trol a clock. Also, being metallic, the pendulum is affected 
by variations in the ambient temperature. Cold contracts 
while heat expands, as you are no doubt aware. So the length 
of the pendulum in the cold environs of the winter is shorter 
than the hot climates of summer. The period of its oscilla¬ 
tion undergoes corresponding change compromising its re¬ 
liability as an accurate timekeeper. 



Fig. 26.3: Harrison's chronometer and Mr John Harrison. 


"In 1721, George Graham improved the pendulum 
clock's accuracy to one second per day by compensating for 
changes in the pendulum's length due to temperature varia¬ 
tions. John Harrison, a carpenter and self-taught clock-maker, 
refined Graham's temperature compensation techniques and 
developed new methods for reducing friction. By 1761, he 
had built a marine chronometer with a spring and balance 
wheel escapement. This was needed to compensate for the 
effects of the rolling of the ship riding on the waves. In tur¬ 
bulent waters, the rolling used to become violent, subject¬ 
ing the pendulum to violent pushes and prods. Harrison's 
chronometer won the British government's 1714 prize, worth 
more than US$10,000,000 in today's currency. That would 
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be equivalent to about 50 crore rupees. The prize was 
awarded for providing a means of determining longitude to 
within one-half degree after a voyage to the West Indies. It 
kept time on board a rolling ship to about one-fifth of a sec¬ 
ond a day, nearly as well as a pendulum clock could do on 
land, and ten times better than what was required to win 
the prize. 

"Over the next century, refinements led in 1889 to 
Siegmund Riefler's clock with a nearly free pendulum, which 
attained an accuracy of a hundredth of a second a day and 
became the standard in many astronomical observatories. A 
true free-pendulum principle was introduced by R.J. Rudd 
about 1898, stimulating development of several free-pen¬ 
dulum clocks. One of the most famous, the W.H. Shortt clock, 
was demonstrated in 1921. The Shortt clock almost immedi¬ 
ately replaced Riefler's clock as a supreme timekeeper in 
many observatories. This clock contained two pendulums— 
one a slave and the other a master. Every thirty seconds, the 
slave clock sent an electrical signal to the mechanism above 
the free pendulum, which gave it a tiny push to keep it 
swinging. As this mechanism reset itself, it sent a signal back 
to a synchronising unit on the slave clock, which adjusted 
the swinging of its pendulum to keep it exactly in step with 
the free one 

"Because there is no interference with the movement 
of the free pendulum, except for a tiny push every thirty 
seconds, it kept time very accurately to within about one 
second per year. This is much more accurate than the slave 
clock on its own because the pendulum of this clock has to 
move part of the mechanism with every swing and needs a 
larger push to keep it moving than the free pendulum does. 

"Around the turn of the last century use of electric 
power became widespread. Electricity replaced the coiled 
spring as a source of power for the clocks. With the advent 
of alternating current, which maintained constant frequency. 
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a very convenient natural cyclic phenomenon was found. 
Continuous improvements in the designing of the electric 
clocks led to the emergence of quartz clocks which have all 
but eliminated the mechanical clocks today." 

Vikram was justifiably proud of these commendable 
achievements. He thought that Vetal would acknowledge 
that. So he paused for a moment to let the genie to voice his 
appreciation. Instead, the spirit took advantage of the 
breather to rush to his perch on the withered tree. 
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An interesting thought entered Vikram's mind. He observed 
that his own behaviour had become quite mechanical. So 
also that of the phantom. He kept going back and forth from 
the pipal tree in a regular cyclic manner. The genie too un¬ 
derwent similar oscillations between Vikram's shoulders and 
the gnarled branch of the pipal tree. A wry smile touched his 
lips momentarily. 

Amusing as it was, this was no time to pursue that 
train of thought. He had to get back to business. So he 
turned back and took the inert body inhabited by Vetal down 
from the tree. Heaving it on his shoulders, he started his 
march. 

Vetal had become aware of the flood of thoughts that 
occupied Vikram's mind. He wanted Vikram to get hold of 
himself and organise those thoughts. So he did not immedi¬ 
ately pose his question. However, seeing that Vikram had 
taken advantage of that situation to increase his pace, he 
hurried to admonish him, "Vikram, despite several warn¬ 
ings from me, you are not prepared to change your ways. 
Time and again I have told you not to keep any information 
from me. Still you do just that. You are not clever enough 
though. You blurt out the truth unintentionally and get 
caught. Just now, for example, you did mention the exist¬ 
ence of quartz clocks. Obviously you know what they are 
and what they have done for this whole endeavour of 
timekeeping. Why did you not tell me about it then? If you 
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insist on playing this devious game the consequences would 
be..." 

Vikram did not allow the phantom to describe those in 
detail. Instead, he tried to give a vigorous defence of his 
behaviour, "I had no intention of hiding anything from you 
as you wrongly conclude; nor did I talk about the quartz 
clocks by mistake. I was on the verge of telling you about 
them. But, you did not wait for me to collect my thoughts. 
Never mind. Now that you have raised the issue, let me talk 
about this highly notable advance. 

"The seed for the concept of 
quartz clocks was planted when 
use of electric power as a source of 
energy for the running of clocks 
became widespread. In 1880, Pierre 
Curie, the Nobel laureate and 
husband of Marie Curie along with 
his brother Jacques, discovered 
that crystals could be made to 
vibrate by applying an electric field 
to them, an effect known as 
' piezoelectricity'. 

"If you apply an electric field 
to the crystal, it changes its shape, 
somewhat like a rubber ball changing its shape due to 
pressure. If one now tries to squeeze or bend the mis¬ 
shapen crystal, it generates an electric field. When put in a 
suitable electronic circuit, this interaction between mechani¬ 
cal stress and electric field causes the crystal to vibrate and 
generate an electric signal. The signal is of relatively con¬ 
stant frequency that can be used to operate an electronic 
clock display. 

"By cutting crystals of quartz in different ways, they 
can be made to vibrate at almost any frequency. In 1927, 
Warren Marrison produced the first clock to work by 



Fig. 27.1: Marie Curie and 
Pierre Curie. 
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counting the vibrations of a piece of quartz. 

"Quartz crystal clocks were better because they had no 
gears or escapements to disturb their regular frequency. Even 
so, they still relied on a mechanical vibration whose fre¬ 
quency depended critically on the crystal's size, shape and 
temperature. Thus, no two crystals can be exactly alike, with 
just the same frequency. Still the vibration is highly regular. 

"At the National Physical Laboratory in England, Louis 
Essen achieved greater precision by using rings of quartz 
instead of slabs. He found that variations in the frequency 
depended largely on the way in which the quartz was held 
in place. The Essen ring was suspended by six silk threads. 
The accuracy of these clocks was as high as one second in 
three years. 

"The Royal Greenwich Observatory, which is the 
world's premier timekeeper, pressed the quartz clock in ser¬ 
vice for the first time in 1939. Within a few years it discarded 
its own Shortt free-pendulum clock. 

"Improvements in electronic technology enabled quartz 
clocks to become smaller. By 1961, portable quartz clocks 
were being produced for navigation purposes. Moreover, 
the electronic circuit necessary to induce vibrations in the 
crystal can be kept going with the use of tiny batteries. The 
crystal too can be very small in size. This has facilitated the 
manufacture of elegant yet extremely slim wristwatches. 
Such quartz clocks and watches continue to dominate the 
market because of their performance. 

"Of course, miniaturisation was not the objective of 
introducing quartz watches. They were found useful as they 
helped achieve greater degrees of accuracy. The margin of 
error of these watches can be as low as one thousandth of a 
second in one whole day. Going about our normal routine 
does not require such levels of accuracy. Nonetheless, there 
are some professions which do need this or even greater 
degrees of accuracy. They rely solely on quartz timekeepers. 



no 


ABOUT TIME 


In the beginning, only light-emitting diodes had to be used 
to display the time measured by the quartz crystal. Later, 
liquid crystal displays could be employed. But persistent 
research led to developments, which enabled usage of the 
usual rotating hour, minute and second hands. This increased 
the popularity of the quartz watches and clocks." 

Like a satisfied defence lawyer, Vikram rested his case. 
He had given all the information he had about quartz 
watches and there was nothing more to say. He was well 
aware of the consequences of his action. He was proved right 
the very next moment. Vetal did indeed scurry off to the 
pipal tree. 
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This time Vikram went back to the pipal tree with a hope in 
his heart. He felt fairly confident that there was nothing more 
to be said about clocks or measurement of time. So, it would 
not be possible for Vetal to compel him to talk. The phan¬ 
tom would be able to shatter his head only if he withheld 
the information sought. No blame would accrue to him if he 
held his tongue because he did not have the requisite infor¬ 
mation. The spirit would have to be silent this time, thought 
Vikram. He could thus proceed unhindered to his destina¬ 
tion. 

Alas, he was proved wrong! Hardly had he taken a few 
steps, with Vetal riding on his back, than the latter provoked 
him once again, "You are incorrigible, Vikram. I do not un¬ 
derstand why you persist in playing these foolhardy games. 
You try your damndest to hold back information from me. 
While doing that, however, you let slip a hint of what you 
are trying to keep from me. Let me point out to you your 
latest gaffe. You were telling me that the common folk do 
not have the need for the kind of accuracy provided by the 
quartz clocks. You qualified that statement by saying that 
there are other professions that depend crucially on even 
greater precision. Obviously the quest for achieving such 
extremely high levels of accuracy must be on. Someone at 
least must be trying his best to come up with a clock much 
more accurate than the quartz one. Surely you know about 
it. Otherwise you would not have referred to it, albeit 
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fleetingly. Why did you not give that information readily 
then?" 

Vikram had to give the devil his due. The genie had 
latched precisely on to the tell-tale words. He had even in¬ 
terpreted them correctly. Vetal was evidently not asking his 
questions merely for the heck of it. He was paying careful 
attention to the information doled out. He was even 
analysing it very logically. 

Lost in those thoughts, Vikram had continued to walk 
without talking. That rankled the genie who prodded Vikram 
by repeating his question. Vikram hastened to reply, "You 
are of course, right. But I have already given you some in¬ 
formation on that score. You may recall my telling you about 
the atomic vibrations of Caesium that provided the yard¬ 
stick for accurate timekeeping. Atomic clocks based on this 
principle, that have the least margin of error, are being con¬ 
structed all over the world. 

"There are two very slightly different energy levels in 



Fig. 28.1: Caesium atomic dock. 
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which the Caesium atom can exist. It is as if the atom has 
two identical houses in which it can live. Unable to decide 
which one it should occupy, it keeps jumping from one to 
the other at regular intervals. The number of back-and-forth 
trips that it makes in one second is, as I have already told 
you, 919 crores 26 lakhs 31 thousand 7 hundred and sev¬ 
enty. In the scientific parlance this number can be stated as 
9.192631770 billion. That is why the time taken by the atom 
to complete these many trips is defined as one second. That 
is now universally accepted as a precise definition of a sec¬ 
ond. Still, some doubting Thomases did have misgivings. 
How can one be sure of that number, they asked? What is 
the evidence that the atom oscillates exactly 9.192631770 
times within one second? 

"They had a right to be so sceptical. It is true that the 
atom vibrates in a highly regular manner and alternates 
untiringly between those two energy levels. But it does not 
keep a count of the number of trips that it has made. It just 
keeps going back and forth without fail. It is up to us to 
count the number of oscillations without missing any. We 
have to make sure that the number we have come up with is 
indeed the correct one. 

"That is, nonetheless, easier said than done. Keeping 
that count is a tall task as everyone soon discovered. Since 
then, scientists the world over are toiling hard to come up 
with a very accurate count. One of the most striking of these 
attempts is that made by Bob Drullinger. He has constructed 
a very unique pyramid in his laboratory at Boulder in Colo¬ 
rado, USA. At the base of that pyramid are kept the ordi¬ 
nary wristwatches that we use. Their accuracy is measured 
by the chronometer at the next higher level of the pyramid. 
An even more accurate instrument can be found at the next 
level and so on. The most accurate timekeeper yet built ticks 
away at the pinnacle of the pyramid. That is so accurate that 
if one measured one million billion seconds with its help 
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one might go wrong by three-and-a-half seconds at most. To 
put it in words that you would appreciate readily, if this 
clock were set to work 100 million years ago, that is, at the 
time dinosaurs roamed the Earth, by now it may have erred 
by a paltry second. What say you?" 

But Vetal did not have to say anything. Having achieved 
his objective, he could afford to keep quiet and shoot back 
to his dwelling of first preference. 
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Vikram realised that he could not afford to have any margin 
of error whatsoever. Even if he let down his guard for the 
time, the Caesium atom takes to complete just one of its bil¬ 
lion odd oscillations; Vetal was apt to take advantage of that 
and dash off as usual to his favourite spot. If he were to 
avoid this, he would have to be as vigilant as Bob Drullinger 
had been in respect of the to-and-fro swings of the Caesium 
atom. 

With that thought, he shrugged off despondency, which 
was trying to creep in and started going back to where the 
phantom was resting. Placing the burden of his listless body 
gingerly on the shoulders, Vikram started walking back. 

The genie jerked him back to reality soon enough, "Oh 
Vikram, you are not making any sense at all. Your statements 
are not as accurate as even the ordinary wristwatches, let 
alone the atomic chronometers. You tell me that the atom of 
Caesium keeps unceasingly shuttling between the two split 
energy levels. The atom thus keeps running from one base 
to the other and back again, much like your Sachin Tendulkar, 
who is constantly running between the wickets. If it is pos¬ 
sible to keep track of Sachin's prodigious scores, it should 
not be difficult to count the number of trips the Caesium 
atom makes in one second. I think that Drullinger fellow is 
just fooling you all. Or perhaps you are trying to impress 
me by making this simple task appear unnecessarily 
complex." 
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In his attempt to ridicule Vikram, the spirit had not 
posed any question. It was not incumbent on Vikram to break 
his silence. But he could not stand being accused of creating 
a mountain out of a molehill. He reacted swiftly and ani¬ 
matedly, "Of course not! Without such Herculean efforts it 
is impossible to get the atomic clock going in a disciplined 
manner. The reason for that can also be found in the inter¬ 
nal structure of that, indeed, any atom. 

"Neils Bohr had shown 
around the turn of the twentieth 
century that an atom is like a 
miniature solar system. The Sun is 
at the centre of the system. The 
planets while spinning around 
themselves also revolve around the 
Sun in fixed orbits. Similarly, the 
heavy nucleus containing posi¬ 
tively charged protons is at the 
centre of the atom. The negatively 

charged electrons inhabiting F ig. 29.1: Neils Bohr, 
different energy levels keep 

orbiting the nucleus. Both the protons and the electrons also 

keep spinning around 
themselves. Any electri¬ 
cally charged particle thus 
spinning gives rise to a 
magnetic field around 
itself. Naturally, such mag¬ 
netic fields are created in 
the vicinity of the protons 
and electrons. These two 
fields can either be oriented 
in the same direction or in 
opposing directions. In 
scientific parlance, they are 



Fig. 29.2: Bohr's atomic structure. 
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either parallel or anti-parallel. This causes splitting of the 
energy state of the atom into two close yet slightly different 
levels. The atom can comfortably rest in any one of them. It 
does not have to leave it of its own accord. There is no com¬ 
pulsion for it to do that. But if some external energy supply 
were to goad it to leave the cosy environs of one energy 
level, it does so readily and crosses over to the other. If the 
external stimulation persists, then the atom too keeps hop¬ 
ping from one level to the other. If the external stimulation 
is in step with the natural period of oscillation of the atom, 
the urge to keep jumping back and forth between the two 
levels becomes stronger. The vibrations go on relentlessly. I 
can perhaps explain that with the analogy of a pendulum. 
The pendulum, left to itself, remains steady. But if we were 
to give it a gentle prod, it starts oscillating from one end to 
the other. You may recall Galileo who had so clearly demon¬ 
strated that every pendulum has a natural frequency of os¬ 
cillation that is dictated solely by its length. If we now keep 
giving the pendulum a push with the same frequency that 
comes naturally to it, there is a resonance and the pendu¬ 
lum maintains its rhythm without fail. You must have ob¬ 
served eminent vocal singers who tune their tanpuras be¬ 
fore commencing their concert. What they try to do is to 
make the vibrations of the tanpura match their own innate 
tune. Once that resonance is achieved, they are able to sing 
with abandon and we get treated to the most heavenly 
melody. Even the tympanic membranes of our own ears 
start resonating to the same tune. The Caesium atom is no 
exception. 

"That is why it is essential that the atom is made to 
resonate in this fashion. It has, therefore, to be subjected to 
this external bombardment of an energy source. Then again, 
there isn't just one atom in that piece of Caesium that goes 
to make up the atomic clock. There are a number of them. It 
has to be seen that all of them are in the same energy level to 
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start with. That way they can make the transition from one 
to the other in unison, much like a company of soldiers 
marching in step. If some are in one level while the rest in 
the other, the transitions take place in a haphazard manner. 
It is difficult to maintain any discipline and hence, the proper 
rhythm. It is true that the atomic vibrations are not affected 
by such outside factors as the temperature or humidity. Still, 
there are other external causes that can affect the rhythm. 
For example, if some source of energy other than the one 
intended to trigger the oscillations were to act on the atom, 
it can give rise to indiscipline. To ensure that all these as¬ 
pects are properly taken care of is not an easy proposition at 
all. So rest assured that I am not trying to fool you; nor is 
Drullinger taking everyone for a ride. I hope you are con¬ 
vinced now." 

Vikram looked back to find out if the apparition would 
give a signal of agreement. He looked into a void instead. 
The genie had already left the comfortable place on his shoul¬ 
ders and crossed over to his usual place of rest. 
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Vikram was nonplussed, but only momentarily. He under¬ 
stood what had happened. Once again taking advantage of 
the transitory lapse on Vikram's part, the phantom had man¬ 
aged to get back to his favourite residence. He had no other 
choice but to get back there and start all over from scratch. 

The genie was now pushing Vikram into parting with 
more details. It was possible that it was another ploy to get 
him mired in all those intricacies to dissuade him from con¬ 
tinuing with his mission. On the other hand, it was equally 
possible that having come to grips with all those technical 
complexities, the spirit's appetite for even more convoluted 
information was whetted. Vikram could not be sure. He 
could not decide whether he should really delve into those 
depths. Doing so seemed to compound his problems. How¬ 
ever, avoiding that could be a sure invitation to Vetal's wrath 
for he could be rightfully accused of deliberate withholding 
of information. It was as if he was between the devil and the 
deep blue sea. Finally he decided to play it by the ear and 
provide just the kind of information that the phantom asked 
for. That appeared to be a safe bet. 

Having resolved that conundrum, Vikram started on 
his trek to the cemetery, with the apparition firmly anchored 
on his back. He was not unduly perturbed by Vetal's next 
question. "Well, now I see that you were right. It is indeed 
very difficult to keep abreast of the hopping of the Caesium 
atom. I must admit that I am now curious to know how 
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exactly this very challenging task was accomplished. The 
way you gave an elaborate description of all the problems 
confronting the scientists makes me feel confident that you 
have kept abreast of all such attempts. Pray, tell me then, 
how does one induce those atomic oscillations? Having 
achieved that, how does one then tot up precisely the num¬ 
ber of the swings between the two levels? Do not even try to 
feign ignorance. If you do..." 

Vikram did not wait for the genie to elaborate upon the 
details of the consequences. He started talking forthwith, 
"The first step in that process is to produce a steady stream 
of these atoms. An atom can be thought of as a collection of 
electrons orbiting a nucleus, like planets around the Sun. 
Calculations using quantum mechanics show that only cer¬ 
tain orbits are allowed. To move from a high orbit to a lower 
one, an electron must emit energy in the form of electro¬ 
magnetic radiation, either light or radio waves of a particu¬ 
lar frequency. This frequency depends on the energy differ¬ 
ence between the two orbits. If an electron in the lower orbit 
is supplied with radiation of exactly the right frequency, it 
will jump to the higher orbit. 

"Each Caesium atom contains fift-five electrons. The 
last of these normally occupies an orbit, which is much fur¬ 
ther from the nucleus than the rest. In this orbit, its energy 
can have two slightly different values, depending on a prop¬ 
erty called the 'spin' of the electron. The energy difference 
between the two states corresponds to radio waves with a 
frequency of 919,26,31,770 cycles per second. Atoms in these 
two states have slightly different magnetic properties. 

"At one end of the Caesium clock is an oven, which 
evaporates atoms of Caesium from the surface of a piece of 
the metal. These atoms will have their electrons in one of 
the two arrangements described above. A magnet is used to 
separate them and discard those with the higher energy. The 
remaining atoms, which are all residing in the lower energy 
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level, are then subjected to a jet of microwave radiation. With 
the advent of microwave ovens, which is now becoming a 
standard part of every kitchen, microwave radiation is not a 
novelty any longer. The microwave radiation employed in 
this atomic clock is no different except that its frequency is 
far greater than that of the one used in the ordinary kitchen. 

"The energy donated by these microwaves is now ab¬ 
sorbed by the Caesium atoms. As a result, they jump to the 
higher level. If the frequency of the microwaves is correct, 
many of the atoms make this transition. To know just how 
many, they are made to pass through a second magnetic gate. 
This magnet at the far end of the tube through which the 
atomic stream flows separates those atoms that have made 
the transition from those which have not. 

"Those that have successfully 
made the transition are made to 
impinge on a heated filament. As 
a result of that collision, the atoms 
lose one electron. The neutral atom 
thus splits into two components: 
a positively charged ion and a free 
electron. That gives rise to a flow 
of electric current through the 
circuit connected to that filament. 

The current can be measured. Its 
magnitude depends on the num¬ 
ber of atoms that have made the 
jump. More the number of such 
atoms the higher is the current. If 
all the atoms have successfully 
crossed over to the higher level, 
the current would be maximum. 

To make that happen, the source 
of the microwave is tuned in a 

very delicate manner. You must be Fig. 30.1 : Atomic fountain. 
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familiar with the way a radio is tuned to catch the broad¬ 
casting station of one's choice. If the tuning is perfect, the 
programme being broadcast comes to us loud and clear. The 
music sounds more melodious. The tuning process employed 
in the atomic clock is similar except that it is more exacting. 

"The frequency at which all the atoms make the transi¬ 
tion is the natural frequency of the atom. In turn, that helps 
us define the second very accurately. At the same time the 
level of accuracy of the clock rises. The clock built by Bob 
Drullinger is able to measure a second, accurate to the fif¬ 
teenth decimal place. Not satisfied with that, he is planning 
to go a couple of steps higher up the ladder of accuracy. For 
that purpose he proposes to employ another strategy known 
as an atomic fountain. Once he succeeds in doing that, he 
would be able to measure the second correctly to the seven¬ 
teenth decimal place. That clock of his would go wrong by 
just a second in ten billion years. Our universe itself is that 
old. Why would anyone then want to have a greater degree 
of accuracy?" 

Carried by his own enthusiasm, Vikram had made that 
cardinal mistake of asking a question. He did not take more 
than a few microseconds to realise his folly. That, nonethe¬ 
less, was ample time for the phantom to make the transition 
from Vikram's shoulders to the pipal tree. 
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Vikram wondered when he was going to attain the required 
degree of accuracy. Unless he reached that level of perfec¬ 
tion, he would continue to provide Vetal with that little open¬ 
ing through which he could escape. He knew that. He was 
trying his best. Still his best was apparently not good enough. 
There was no alternative for him but to keep persevering 
till he was able to root out that last margin of error. 

With that thought, he gritted his teeth and turned to go 
to Vetal's dwelling yet again. Placing the body on his shoul¬ 
ders for the umpteenth time, he started his next trip towards 
his chosen destination. 

Vetal was waiting for him to start his fresh journey. He 
had his next question ready for Vikram, "It is ironical that 
you should ask me, as to who would be interested in having 
an accuracy greater than the seventeenth decimal of a sec¬ 
ond. I am not convinced that even the present benchmark of 
fifteenth decimal of a second is at all necessary. After all 
heavens are not going to fall if one missed a second in say 
ten million years; are they?" 

It did not take Vikram even a ten-millionth of a second 
to realise that Vetal expected him to tackle that query. He set 
off without any perceptible delay, "I hope you are not 
serious when you say that heavens are not going to fall. If 
not literally, at least figuratively that is exactly what is 
likely to happen if we are not able to measure time to that 
degree of precision. Ordinary people may be satisfied with 
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Fig. 31.1: Artificial satellite voyages. 


wristwatches. But there are several others whose life would 
come apart for want of a highly accurate timekeeping mecha¬ 
nism. Take the case of astronomers for a start. They are in¬ 
terested in solving the riddle of that delightfully mysterious 
phenomenon called 'millisecond pulsars'. Unless they are 
in a position to measure time to a million billionth of a second 
they would be non-starters. 

"Today we are installing our own satellites in space. 
We are sending exploration vehicles like Voyager to distant 
planets. Constant contact with these spacecrafts is absolutely 
essential. These are controlled from the ground. Commands 
are sent to them from control centres on the surface of the 
Earth. These messages take a long time to reach them. An 
acknowledgement of their receipt takes equally long. If these 
messages have to be acted upon, the clock on board the 
spacecraft has to be in total agreement with those at the con¬ 
trol centre. In other words, the difference, if at all, between 
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them cannot he any greater than million billionth of a sec¬ 
ond; perha ps even less. Absence of such level of agreement 
would cause utter chaos. Serious accidents could take place. 

'These space scientists are not the only ones engaged 
in such communication. Telecommunication networks also 
employ these satellites to take the messages to far corners of 
the world. A number of services are increasingly being of¬ 
fered through the Internet. The request from a client is sent 
by the local controlling centre to a satellite. The satellite picks 
it up and transmits it to the service provider. His response 
makes the same journey in return. There is no room for any 
error in these to-and-fro transmissions. 

"There are many more professions dependent on the 
disciplined and precise conduct of these satellite transmis¬ 
sions. Even an ordinary household today enjoys television 
programmes telecast by seventy odd channels. These come 
from far and near. The audio and video signals encompass¬ 
ing these programmes ride piggyback on carrier waves. As 
the number of these channels keeps increasing, there is con¬ 
siderable crowding in the limited spread of available broad¬ 
cast frequencies. To keep any two of them apart would thus 
depend on highly accurate tuning mechanisms. Unless that 
can be accomplished, the programme signals would get in 
each other's way, leading to a lot of confusion. The carrier 
frequencies are usually in the region of megahertz. One 
megahertz is equal to a million oscillations per second. If 
the frequency is, say, 1000 megahertz, it would imply a bil¬ 
lion oscillations per second. To put it the other way round, 
one oscillation takes only a billionth of a second to com¬ 
plete. If it has to be properly tracked, one should be able to 
measure that miniscule amount of time very accurately. Thus, 
those involved in this business also need highly accurate 
timekeepers. Several computers from distant corners of the 
Earth are in constant communion today, thanks to the spread 
of the Internet. If that dialogue has to retain any coherence, 
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highly accurate measurement of increasingly smaller inter¬ 
vals of time becomes essential. 

"There is one more reason. The theory of relativity pro¬ 
mulgated by Albert Einstein has brought in a paradigm shift 
in our thinking about space and time. Still, when he pro¬ 
posed the theory, it was only a hypothesis based on philo¬ 
sophical reasoning and mathematical computation. To test 
its veracity, the predictions about cosmic phenomena made 
by the theory need to be verified. For that purpose, even the 
seventeenth-decimal-of-a-second accuracy may be found 
wanting. Do you get me?" 

Vetal did not respond. He did not have to. His objec¬ 
tive had been met the moment Vikram had started his dis¬ 
course. By the time Vikram articulated his rhetorical ques¬ 
tion, he had comfortably made it back to his favourite abode. 
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Vikram became acutely aware that he had committed a blun¬ 
der. Firstly, he had again asked a question of the spirit fully 
knowing that he never answers one. Rather, he welcomes 
such an opportunity to rush off to his pet dwelling. Sec¬ 
ondly, he had talked about Einstein's theory of relativity 
opening up an entirely new chapter. While singing its praises 
he had given just the stick the phantom needed to beat him 
with. Now he would have to explain how that theory had 
presented a radically new cosmic view. Well, there was no 
use wallowing in self-recrimination. He had made his bed. 
He had to lie in it. 

Faced thus with Hobson's choice, he braced himself 
and decided to make the best of a bad bargain. He went 
back grimly to the pipal tree. Carrying the spirit on his back, 
he started marching steadfastly. 

Vetal's curiosity was aroused. He was impatiently wait¬ 
ing for Vikram to get started on a new trip. As soon as the 
first step was taken, he put forth his question albeit in a 
mocking manner, "Don't tell me it's that Einstein of yours 
again. What do you mean by saying that he presented a fun¬ 
damentally new perception of the Universe? How could he 
have altered the basic concept of time? Did he show it to be 
something material, like distance between two trees that one 
can actually see? Or did he suggest that time can be put on a 
pan and weighed like a sack of potatoes? What exactly did 
he do?" 
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"You can say that. He totally changed the wav we 
thought of time. The essence of his hypothesis is that this 
Universe of ours cannot be completely described in terms 
of the three dimensions that we were used to. Time was the 
fourth dimension that the universe possessed. Unless that 
was fully integrated with the other three dimensions, our 
perception of the Universe would remain incomplete, hook¬ 
ing back, it is not difficult to fathom the reasoning support¬ 
ing this statement. The Universe is not static, but dynamic. 
In fact, human awareness of time arises because of this con¬ 
stantly moving Universe. One cannot therefore ignore it 
while depicting the Universe. 

"Let me illustrate this with our own situation. Suppose 
you ask me to tell you my whereabouts. 1 start responding 
to your query by stating my position with that pet pipal tree 
of yours as a reference point. So, I tell you to go twenty metres 
to the south of that tree, turn right and go west for 150 metres 
and then climb up to a height of fifteen metres. Would that 
be adequate? I think not. For if I hold my tongue after stat¬ 
ing that, you would most likely blow apart my head into a 
thousand pieces as you have been threatening to do. You 
would be justified too, for I would not have parted with all 
the information I have. I must also tell you when I was at 
the point specified by the three co-ordinates. Or when I 
would be. That is because I am not static. I do not stay put at 
one place. It would take me some time to give you all this 
information. During that interval, I would have moved some 
distance from the point I was at when I started talking. So if 
I don't specify the time as well, the information would be 
incomplete. 

"Of course, mv speed of walking is not so high as to 
make those two points substantially apart from each other. 
So you may still be able to find me not far from the spot 
specified by only the three spatial co-ordinates. One may 
argue that the routine activities in our mundane lives are 
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not significantly affected if the time element is ignored. 
Normally that is true. On the other hand, that information 
may be crucial. It could literally put one into a life-or-death 
situation. Once again let me illustrate this with an actual 
incident. 

"You have heard of Rana Sanga, the blind warrior. De¬ 
spite the loss of sight, he continued to be an arch marks¬ 
man. He could locate his quarry with the help of sound and 
hit the bull's eye every time. Imagine he has gone on big 
game hunting. He hears the roar of a tiger and shoots an 
arrow. But the tiger does not remain rooted to one spot in 
the meantime. It keeps moving. If that is not taken into ac¬ 
count, then instead of the tiger falling prey to the Rana's 
arrow, he himself would most likely be devoured by the ti¬ 
ger. That can be avoided only by precisely specifying the 
location of that tiger in this Universe. That cannot be done 
merely by resorting to the three spatial dimensions. One 
would also have to reckon with the fourth dimension of time. 
In short, the Universe is not made up of only three, but, four 
dimensions. Time and space are intertwined into one uni¬ 
tary fabric. Since it is dynamic one cannot think of a point, 
but an event. One can reach a point by moving along the 
three directions of north-south, east-west and above-below. 



Fig. 32.1: Einstein totally changed the way we looked at time. 
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But one is likely to be disappointed after all that effort. What¬ 
ever one was expecting to be at that point would have moved 
awav in the meantime. 

"From the viewpoint of an ant, the world is made up of 
only two dimensions. It is flat, having only length and 
breadth. It can tell other worker ants about a new supply of 
food by specifying the distances along those two dimen¬ 
sions. However, it would be baffled if it encounters a hillock 
in that terrain. It can no longer direct the others with just 
the two-dimensional information. The ant would need to 
have the bird's eye view. The latter sees the Universe as a 
three-dimensional entity. Unless the dimension of height is 
integrated with those of length and breadth, the description 
of the Universe would not be complete in the bird's reckon¬ 
ing. 

"Likewise, we have to consider the Universe to be four¬ 
dimensional. We have now installed a number of satellites 
in space. We depend on them for numerous vital tasks. They 
keep a constant supply of information. Even though the sig¬ 
nals incorporating that information are travelling at the 
speed of light—the ultimate speed limit as decreed by 
Einstein—they do take a finite amount of time to reach us. 
The satellite does not remain fixed at one spot. It keeps hur¬ 
tling through space at considerable speed. So, in the mean¬ 
time the satellite would have moved away from that posi¬ 
tion from where it transmitted that bit of information. One 
would, therefore, have to take that into account while pro¬ 
cessing that information and acting upon it. Else there would 
be utter confusion." 

Vikram wondered whether all that complex informa¬ 
tion had caused confusion in Vetal's mind. He paused for 
not more than a billionth of a second. That was ample for 
the phantom to remove himself from Vikram's back and 
move the knotted branch of the pipal tree. 
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Vikram was at his wit's end. After every unsuccessful at¬ 
tempt to reach his goal, he would decide to be very alert 
and not make any faux pas. And almost with clockwork regu¬ 
larity he would do precisely that, letting the phantom off 
the hook. If the genie did not return the favour, he could not 
be accused of unfair play. The blame lay squarely on Vikram's 
already burdened shoulders. Well, he had to grin and bear 
it. He had to start anew with doubled watchfulness. That is 
what he did and started on his march with the genie firmly 
positioned on his back. 

Vetal was eagerly awaiting that moment. He immedi¬ 
ately blasted off, "What a disappointment! After all the build 
up, I was ready for some earthshaking pronouncement from 
that Einstein of yours. I thought he would turn the concept 
of time on its head and bring to nought all the earlier efforts 
to come to grips with it. Alas, all that this sage did was to 
link up space with time. All that he said was that the Uni¬ 
verse is composed of the fourth dimension of time along 
with the three known dimensions of space. That seems to 
be right too. In addition to telling the world where one is 
that individual also has to state when he is there. That is but 
logical. I don't find any conceptual revolution. Why did you 
try to hoodwink me by using those bombastic words like 
paradigm shift?" 

"That is not true! I did not try to mislead you at all," 
protested Vikram. "You formed that impression because you 
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ran away as usual before I could finish. You changed your 
spatial whereabouts while maintaining the temporal co-or¬ 
dinates. If you had not, you would have heard me saying 
that Einstein interwove space and time in such a way that it 
became possible now to have a measure of time in terms of 
distance. 

"Permit me to elaborate. To describe any event fully 
one needs four co-ordinates: three spatial co-ordinates of 
length, breadth and height, and the fourth co-ordinate of 
time. If I reiterate this there is a special reason, believe me. 
Now, suppose the birth centenary of Einstein is celebrated 
u p in the skies over the city of his birth. That would be Berne 
in Switzerland. Suppose a cake is cut in his honour in a plane 
overflying Berne. This memorable event can be described in 
terms of the location of that plane and the moment of its 
being there. That would be latitude of Berne, which is 46.55 
degrees north, the longitude, which is 7.28 degrees east and 
a height of, say, 10,000 metres. Those would be the three 
spatial dimensions. But they are not enough. One has also 
to state that the event took place at 6.14 p.m. on 14 March, 
1979. That would be the complete description of that event. 
There cannot be two different perceptions of it. 

"Now, suppose you were travelling in that plane and 
went ahead up to Rome. You alighted at Leonardo da Vinci 
airport in Rome fifty-eight minutes and fort-three seconds 
after the cutting of the cake over Berne. The 'distance' be¬ 
tween the two events would therefore be fifty-eight 
minutes and forty-three seconds. Now therein lies the catch 
according to Einstein. His Theory of Relativity states that 
the very same distance measured by one in Berne would be 
different than that estimated by an observer in Rome. 
Let me tell you how. When would the person in Berne 
know of your arrival in Rome? Only after he receives your 
message to that effect. Let us assume that you would use 
the satellite communication system for sending this memo. 
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So your communique would first travel to the satellite high 
above in the sky and from there to Berne. Let us also grant 
that it would travel at the speed of light. The physical dis¬ 
tance as the crow flies between these two European cities is 
690 kilometres. The signal incorporating the message would 
take 2.3 milliseconds. So the measure of the 'distance' in 
Berne would be that much more than the one in Rome. 

"This difference would appear negligible to you and 
me. If I mention that difference I might be charged of split¬ 
ting hairs. They may not be wrong either. But that is be¬ 
cause I was talking about events here on our planet. That is 
not the case when one looks at events in the wide space out 
there. Almost all the celestial spheres travel at breakneck 
speeds close to that of light. In addition the distances go far 
beyond the scope of the unit of kilometre. Under those cir¬ 
cumstances, these differences in the measure of distance as¬ 
sume massive proportions. The star nearest to our solar sys¬ 
tem is so far that light emitted by it takes four-and-a-half 
years to reach us. That is why Einstein would like us to 
measure all distances in terms of the parameter of time. 

"I told you just now that the distance between Berne 
and Rome is 690 kilometres. That is, nonetheless, the physi¬ 
cal distance measured in terms of the three spatial param¬ 
eters. If it is measured in terms of the time parameter, then it 
is fifty-eight minutes and forty-three seconds. Light would 
travel a distance of 1,100 million kilometres in that interval. 
That is thus the temporal 'distance' between the two rela¬ 
tively nearby cities. The Universe dons a mystic garb when 
looked at through those glasses. Because it is constantly in 
motion, we become aware of the flow of time. More impor¬ 
tantly, time itself gets affected by this dynamic character of 
the Universe. The result is that everything turns topsy-turvy 
like your hanging upside down on that branch. If that is the 
innate nature of the Universe, why blame poor Einstein for 
pointing it out to us?" 
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Vetal's head was spinning furiously like all those celes¬ 
tial spheres. He was just waiting for Vikram to give him a 
chance to escape. When he did just that by asking a ques¬ 
tion, the apparition heaved a sigh of relief and covered the 
distance to his favourite tree in less than a millimicro¬ 
second. 
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Vikram debated whether he could reach his destination faster 
if he ran instead of walked. Would the increased speed, he 
wondered, result in reduction in time needed to reach the 
goalpost! But he could not afford, he realised, to spend any 
time in deliberating along those lines. He had better get back 
to his task of carrying the phantom to the cemetery. He went 
to the tree where the spirit had lodged himself and tossing 
the limp body on his back, started a new trip to his destina¬ 
tion. 

Vetal was still dazed. He had not quite fathomed the 
complexities of the Theory of Relativity. Moreover, what was 
the evidence to prove that time was not absolute. He posed 
before Vikram precisely that question, "I think all this is the 
outcome of some highly fertile imagination. Einstein says 
something and you accept it like an obedient slave. It does 
not occur to you that if he is right, then your wristwatch 
should show a different time if you ran instead of ambling 
along at a leisurely pace. Humbug! I cannot be asked to 
swallow that. Is there any shred of evidence whatsoever? 
Or is it that Einstein can do no wrong?" 

"Most certainly not. We are not so gullible as to accept 
any notion without making an effort to ascertain its verac¬ 
ity. As a matter of fact, Einstein's tenets have been experi¬ 
mentally verified. But before I tell you about that experi¬ 
ment, let us be clear about what exactly has Einstein said. 
He told us that contrary to earlier belief as fashioned by 



136 


ABOUT TIME 



Fig. 34.1: Two planes encircling the Earth in opposite directions. 


Newton, time is not absolute. It is relative. If the clock em¬ 
ployed to compute time is standing still like you, then the 
assessed time would be different than if it were to be mea¬ 
sured with a clock that is in motion. Suppose there is an 
astronaut aboard a spacecraft travelling at a very high speed. 
He has a clock to keep tab of the time intervals. Suppose 
also that we on the ground are able to see that clock. Now, if 
we were to assess a particular interval of time with the help 
of that clock, then it would not be the same as the one judged 
by that astronaut, even though he too had been referring to 
the very same clock. Time thus would be 'relative', depen¬ 
dent on the 'relative' motion between the clock and the one 
using that instrument to measure the interval. Very high 
speeds affect time, resulting in either expansion of time or 
its contraction. That is what Einstein meant when he said 
that time is relative. 

"To test the hypothesis, two physicists, J. C. Hafele and 
Richard Keating, conducted an ingenious experiment in 1971. 
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They got hold of four extremely sensitive atomic clocks based 
on the vibrations of the Caesium atom. They synchronised 
them with the chronometer that constituted the standard 
for time in the United States. The chronometer was placed 
in the US Naval Observatory. That done, one of them boarded 
a jet plane with two of the four clocks. The plane was going 
on a round-the-world trip, travelling in the easterly direc¬ 
tion. The other carried the remaining two clocks and com¬ 
menced a similar global journey but in the opposite, that is, 
the westerly direction. They returned home after three days, 
having completed their trip around the world. 

"Time in all the four clocks was now compared with 
the one that the chronometer had maintained. If you thought 
that would be unnecessary because they would all be the 
same, you would be in for a rude shock. Jules Verne has 
narrated that delightful tale of Philius Fogg who went 
around the world in eighty days. He had made that journey 
going from west to east. When he landed home all the clocks 
told him that he had missed his boat, oops sorry, I mean the 
bet by a mere five minutes. However, Passepartou, his man 
Friday, discovered in the nick of time that they had in fact 
completed that journey one day earlier than scheduled. On 
reflection, Fogg realised that by choosing to go in the direc¬ 
tion he had, he had gained a day. That was fiction, though 
the science behind that story was immaculate. But as they 
say truth is stranger than fiction. This is what the physicist 
duo discovered. The clocks on board the plane that had gone 
globetrotting in the easterly direction had lost fifty-nine- 
billionth of a second while his mate who had gone in the 
opposite direction, found his clocks to have gained 273-bil¬ 
lionth of a second. 

"According to Newton, time is absolute. If so, all the 
clocks should show the same time, locked in step as they 
were when the journeys had commenced. But that was 
not so because the clocks were not static but were moving 
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either in the same direction as that of the spinning Earth or 
in the opposite direction. Consequently, their speeds were 
different. You always find one swimming with the current 
moving away faster: In contrast, one swimming against the 
current has to strive much harder and takes longer to cover 
the same distance. Though their physical efforts are identi¬ 
cal, their effective speeds are widely different. This is pre¬ 
cisely what happened to the clocks on those two planes. It 
also indicated that the speed of movement does influence 
time, as Einstein had predicted. Further confirmation be¬ 
came available when the magnitude of that influence was 
computed in accordance with the doctrine of Einstein's 
Theory of Relativity. The time in the clocks going in the east¬ 
ward direction should have fallen behind the chronometer 
by forty-billionth of a second. The other one should have 
gone ahead by 275-billionth of a second. Both the figures 
compared favourably with those actually observed, provid¬ 
ing the conclusive evidence needed to establish the veracity 
of the theory. Wouldn't you say that it has thus revolutionised 
our reading of time for all time to come?" 

Vikram had had a really difficult time trying to expound 
the abstract precepts of the revolutionary theory in simple, 
easily understandable terms. He paused for just a tick to 
catch his breath. Would the genie miss such a golden oppor¬ 
tunity? Not a chance! 
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Tossing the inert body inhabited by the phantom on to his 
shoulder, Vikrarn started marching towards his goal for yet 
another time. The next moment he stopped. An interesting 
thought came to his mind. Would he arrive at his destina¬ 
tion earlier if he travelled eastwards rather than in the op¬ 
posite direction? 

Suddenly he burst out in laughter. Even jet planes trav¬ 
elling at speeds close to that of sound had affected time to 
the extent of only billionth of a second. His speed would be 
insignificant compared to that. What kind of difference 
would it make in the time he would take to reach his post? 
It would not matter which way he went as long as he walked 
as fast as he could, thereby making up for the lost time. 

Vetal was still in a fuddled state. It was not easy for 
him, or for anyone, to digest this concept of time being dis- 
cernibly affected by the speed of motion. By then Vikrarn 
had increased his speed. Seeing that, the spirit hastened to 
ask him a question. Actually he did not have any specific 
question. But if he did not pose any, Vikrarn would easily 
reach his destination. So he had to make some provocative 
comment. That is what he proceeded to do, "You are just 
spinning a good yarn. The Earth spins at a phenomenal speed 
as you have been telling me. You may be impressed by the 
speed of jet planes but that would be inconsequential in com¬ 
parison to the one at which the Earth rotates. How can that 
affect time in any way? These planes fly at such dizzy heights 
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that one could be excused if one behaves in a crazy manner. 
The clocks too must have suffered from the vertigo effect. 
That must be the simple explanation." 

Vikram knew that the genie's statement did not hold 
any water. Moreover, he was not obliged to respond since 
no specific query had been raised. Still he was riled that 
someone should distrust him. He could not keep quiet. 

"I think you are just trying to be facetious. Those were 
not any ordinary clocks. Those were the most sensitive 
atomic clocks known to man. They are not affected by exter¬ 
nal factors, such as temperature or atmospheric pressure. 
So, the low temperature or low atmospheric pressure at what 
you call dizzy heights could not force them to go wrong. 
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Even if I were to agree with you for the sake of argument, 
both the planes were flying at the same altitude. Thus all 
the clocks spent three days at the same height. They should 
have all lost time. Or gained it. And to the same extent. That 
did not happen, did it? If two of them swerved one way, the 
other two erred on the opposite side. Why should they be 
affected to differing extents? In opposing directions? That 
kind of reasoning flies in the face of logic. 

"Still, you are right in suggesting that height above the 
mean sea level would bring about a change in time. That is 
again because of another tenet of the Relativity Theory. 
Einstein had proposed that just as speed of motion influ¬ 
ences time, so does the force of gravitation. The stronger the 
gravitational pull, the slower is the march of time. On the 
other hand, the weaker this force, the faster is the flow of 
time. 

"Now we know since the time of Newton that the mag¬ 
nitude of that force is directly proportional to the product of 
the masses of two objects and inversely proportional to the 
square of the distance between them. If the distance increases 
twofold, the magnitude of the force is reduced to one-fourth 
of its former value. As the distance triples, the magnitude of 
the force becomes one-ninth of the initial level. When an 
object is on the surface of the Earth, the gravitational pull 
would be at its maximum. However, as that object ascends 
in the sky, its distance from the centre of the Earth increases. 
The gravitational attraction then would correspondingly be¬ 
come more feeble. That should result in time moving faster. 
If a clock is placed on top of Mount Everest, it would run 
faster compared to the one at sea level. 

"I know that you would be again asking for proof. That 
is precisely what I intend to give you. Einstein had promul¬ 
gated this effect of the force of gravitation on time, way 
back in 1908. Since no experiment was conducted to assess 
its legitimacy, several doubting Thomases like you had 
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expressed frank scepticism. To silence the critics, another 
imaginative experiment was carried out in the seventies. 

"An aircraft belonging to the American navy was flown 
at an altitude of 10,000 metres, which is approximately the 
height of Mount Everest. It kept circling in a radius of thirty- 
five kilometres. The command centre on the ground sent 
out a laser beam every three minutes. On receipt of that, the 
plane responded by sending an identical beam to the ground 
control. This interval of three minutes was counted both by 
the command centre and the plane. The aircraft kept con¬ 
tinuously flying at that altitude for fifteen hours. It was seen 
that the clock in the plane kept creeping ahead by three bil¬ 
lionth of a second every hour. By the time the plane landed 
back, it had 'aged' by as much as fifty billionths of a second 
compared to its counterpart on the ground. 

"The experiment was repeated each month between 
September 1975 and January 1976 with unambiguous and 
identical results. Some critics did argue that this did not re¬ 
flect the impact of gravity but that of the speed of the plane. 
That does not hold water since the plane went round along 
a circular path. It if flew with the spinning Earth for half of 
that orbital path, it went in the opposite direction for the 
rest of the cycle. So the effect of speed was cancelled out. 
Don't you agree?" 

Vikram was so excited talking about that exciting ex¬ 
periment that he committed the same mistake of asking a 
question of the phantom. By the time he realised that the 
genie had gone back to his high dwelling. 
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Would it be that the pipal tree being much more massive 
than myself that Vetal gravitates to the branch unfailingly? 
The thought was revolving through Vikram's mind at light¬ 
ning speed. If so, nothing that he could do would tear the 
genie away from the tree. Vikram shook away such thoughts 
and decided to make even more spirited efforts to complete 
the mission in hand. Turning back, he reached the pipal tree 
in record time and went about the business of hoisting on 
his back the limp body that temporarily housed the phan¬ 
tom. He commenced yet another trip to his destination. 

Vetal had hardly digested the irrevocable intertwining 
of space and time enunciated by Einstein, when Vikram 
sprang the next bombshell. He was now saying that both 
motion and gravity affected the flow of time: either slowing 
it down or speeding it up. Vikram was moving too fast for 
him. But he could not protest because he himself had goaded 
him every time. Still, he would need more time to grasp all 
those bewildering intricacies. That commodity seemed to 
have contracted for Vikram, appeared to be making good 
progress. Unless he compelled Vikram to break his silence 
soon, there was every possibility that he would go past the 
goalpost in no time at all. He, therefore, started thinking 
aloud, hoping that the cogitation would result in raising 
some cogent question. "The magnitude of the force of gravi¬ 
tation, as you said, is dependent on the mass of a body. 
The Universe surely contains entities that are much more 
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massive than this Earth. Naturally their gravitational pull 
would be commensurately greater. If what you have been 
saying is true, then in their vicinity time would run very 
slowly. Indeed it would only crawl, wouldn't it?" 

"You have taken the words out of my mouth," said 
Vikram, without waiting for the genie to mouth his usual 
threat. "The gravitational pull near very massive spheres is 
so great that the flow of 
time can hardly make any 
progress. In other words, 
the clocks there run at a 
snail's pace. But as I had 
told you, the magnitude of 
that force of attraction also 
depends on the distance 
from any such object with 
finite mass. As one moves 
away, it gets increasingly 
weaker in geometric 
progression. The force is 
inversely proportional to 
the square of the distance. 

So, even though the clocks 

, , , . . Fig. 36.1: Depiction of time shell, 

on the surface of a gigantic ° r 

sphere are barely able to 

move, they gather momentum as one moves away. The 
clocks shed their lethargy very fast and assume brisk pace. 
The relativity specialists tell us that several time-shells 
surround such a huge planet. Time inside every shell would 
be different. 

"If a clock on the surface of such a planet is being car¬ 
ried by someone to a distant time-shell, he would obviously 
take some time to arrive there. But the time in that shell 
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faster. Let me illustrate this. Suppose I carry you piggyback 
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and start moving up in the sky, I would need some time to 
overcome gravity and reach a time-shell with reduced gravi¬ 
tational pull. But the time there would be much ahead of us 
since it is marching faster. So, as we start getting away from 
the Earth, we would be travelling towards the future. 

"Of course, that is what we always do, one might con¬ 
tend. True. Still there is a difference. Suppose we stay put in 
one time-shell, say, on the surface of this Earth. The future 
would arrive at the pace at which time flows in this shell. 
But if we remove ourselves to another time-shell some dis¬ 
tance away, the future would have already arrived there. 
So, instead of waiting for it to dawn, we can simply move to 
another time-shell and reach that future at a faster rate. It 
may even be possible to witness events there and then re¬ 
turn to our original shell to have a feeling of deja vu. I can 
pop up there to find out what question you would be pos¬ 
ing next and come back all ready with ample time to gather 
necessary information for formulating the reply. 

"If I am not venturing to do that, it is because by cos¬ 
mic standards our Mother Earth is but a miniscule planet. 
Its gravitational pull may be sufficient to keep us rooted to 
its surface but it is insignificant in comparison with that of 
other spheres of colossal proportions in the outer space. So 
even to reach a time-shell representing near future, I would 
have to cover very large distances. It would not be a profit¬ 
able enterprise. But if we happen to be on some other really 
gargantuan planet, it would certainly be to my advantage to 
undertake such a course of action. Thai is what Einstein tells 
me and I think he is right." 

Vikram was mighty pleased with himself. He thought 
that with the narration of time-shells the genie would have 
been shell-shocked. With a wry smile on his face, he turned 
to have a look at the apparition. That was enough time for 
Vetal to cover the relatively short distance and get back into 
his shell. As usual he had the last laugh. 
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Vikram thought that he was moving only towards the past. 
The phantom had gone back to hanging upside down from 
that old gnarled branch of the pipal tree. He too was head¬ 
ing that way. He seemed to be endlessly shuttling between 
the past and the present. Normally everyone moves towards 
the future even if it is an uncertain one. In his case the fu¬ 
ture seemed to have gone into a frozen hibernation, waiting 
for him to get there. His moves in that direction, however, 
always ended at the origin of his journey, which was in the 
past. Would these trips ever end, allowing him at last to 
move into the future? He was utterly at a loss for he did not 
seem to be making any sense even to himself. Was he losing 
his marbles as a result of this constant ferrying between the 
same two posts? He did not seem to know any more where 
he was or where he was going. 

Suddenly he found himself at the pipal tree with Vetal 
right in front of him. He rallied himself to take the genie 
down from his perch and start carrying him towards the 
cemetery. 

Vetal too was in a stunned state. If time thus varied 
with the distance away from an object, then indeed Einstein 
was right in saying that time is the fourth dimension. Tra¬ 
versing those distances allowed one to move along the time 
axis. Suddenly a bright idea occurred to him. Pursuing that, 
he started conversing with Vikram, "Vikram, by merely 
moving away from a massive celestial body one is able to 
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move into a different time shell. That would then be time 
travel. And why shouldn't it be? Time as you say is the fourth 
dimension. One is able to move freely along the other three 
dimensions in space. One can journey from one spot to an¬ 
other by moving backward or forward along the length, 
breadth or height axis. Likewise then, it should also be pos¬ 
sible to move in both directions along the time axis. One 
should thus be able to travel freely in time and go to the 
past or the future at will. Am I right?" 

"You are, up to a point," replied Vikram ponderously. 
"There are a number of difficulties in accomplishing that. 
Several paradoxes crop up. So, even though it appears pos¬ 
sible in principle, in practice it would tamper with our fa¬ 
miliar Universe to such an extent that we would be totally 
bamboozled. Let me narrate to you some of these conun¬ 
drums. Then you can yourself decide whether time-travel is 
feasible or not. 

"Pretty often we say 'now' or 'at this moment'. We know 
what we are saying when we utter those words; nor is our 
listener left in any doubt about their meaning. But when we 
start analysing that statement from the perspective of rela¬ 
tivity, the implications do not remain that cut and dried. 
The terms 'simultaneously' or 'at the same time' do not nor¬ 
mally cause any confusion in our minds. When two sepa¬ 
rate events take place at two different locations in space con¬ 
currently, we call them simultaneous. That is our familiar 
word though. In the relativistic parlance, it is not so simple. 
We would be correct in referring them to be simultaneous 
only if both those locations where the events have occurred 
are static. If, however, they are in a state of motion and mov¬ 
ing with significant speed at that, then the statement would 
have to be qualified. 

"Suppose, two spacecrafts are hurtling through space 
alongside each other. Both of them are orbiting at the 
same speed. To us on the ground, they would appear to be 
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Fig. 37.1: Communication between two satellites. 


maintaining a cracking pace. To each other, though, they 
would appear to be standing still. We experience that while 
travelling in a train at speed. If another train moving equally 
fast on the adjoining track comes into our view, we feel that 
it is not in motion at all. 

"Imagine that the commanders of those two spacecrafts 
now conduct an experiment. One of them sends a signal to 
the other by flashing a light. The other acknowledges its 
receipt by transmitting a return signal in the same fashion. 
To the commanders the two signals would seem to have 
travelled in a straight line. To us looking at the whole epi¬ 
sode from our position on the ground, the situation would 
be radically different. From the moment the flash of light 
left the first spacecraft till it is received by its companion, it 
would take some finite time. Since the spacecrafts are mov¬ 
ing along at a significant speed, the receiving spaceship 
would have moved some distance. So the path of the signal 
would appear to be making an angle to the line joining the 
two vessels. Likewise, the return signal too would move 
along a line, making the same angle in the opposite direc¬ 
tion. The total return path would thus form two sides of an 
equilateral triangle. 
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"The beams of light travelling along a straight line as 
envisaged by the two commanders would have covered a 
total distance that is equal to twice that of the distance be¬ 
tween the two crafts. The distance along two sides of a tri¬ 
angle nonetheless would be more than that. Let us say that 
by the reckoning of the commanders the total time taken by 
the beams to complete the return journey is 100 seconds. 
The time taken to cover the increased distance along two 
sides of an equilateral triangle would be different. It would 
depend on the speeds of those spaceships. If they are mov¬ 
ing at a speed half that of light, the time spent by the beams 
moving along two sides of the equilateral triangle would be 
fifteen per cent more. In other words, the time needed for 
the light flashes to make the return trip as measured by us 
on the ground would be 115 seconds. Since the time com¬ 
puted by the two commanders for the same event is only 
100 seconds, we would feel that their clocks are moving 
slowly. 

"The events are the same. They have occurred at fixed 
times. But whether they would qualify to be called simulta¬ 
neous or not would depend on the state of motion of the 
onlooker and also the relative states of the spectator and the 
spectacle. How do you find that?" 

Vetal was totally bewildered. He could not decide 
whether he was still or in a state of motion. He, therefore, 
avidly grabbed the chance to escape. He left the scene in a 
jiffy. 
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Vikram sensed his mistake a fraction of a second too late. 
That was enough for Vetal to sprint back to his abode. He 
could not be blamed. It was all Vikram's fault. There was no 
use however brooding over it. It was best to get over it 
quickly and try once again to carry the phantom to his des¬ 
tination without being compelled to break his pledge. That 
is what Vikram proceeded to do. 

The genie's head was still spinning after listening to all 
those implications of the Theory of Relativity. No wonder 
everyone thought that the Universe was no longer as simple 
as one was used to. 

While he was engrossed in those thoughts, Vikram had 
been marching ahead unwaveringly. Seeing that he was 
making good progress, the spirit made haste to ask him an¬ 
other question, "That is incredible! Gravitational pull affects 
time. State of motion influences it. Moving with speed brings 
about its contraction. Simultaneity is then a superfluous 
word. No two events in the Universe can ever occur at the 
same time. For that to happen the Universe would have to 
come to a standstill. If that indeed happens then the Uni¬ 
verse would cease to exist. It would simply collapse around 
itself. Because it is dynamic, constantly in the state of mo¬ 
tion, that it has acquired some shape, some character. This 
is what you have been saying. Isn't it true?" 

"It is! Very much so! If our Earth were to stop going 
around the Sun in a fixed orbit, it would not be able to resist 
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the gravitational attraction of the Sun and would get cooked. 
We would not witness life in its multi-splendrous form. It 
could not even take root! Likewise, because the Earth keeps 
spinning around itself ceaselessly, we get the cycles of day 
and night. If it stops doing so only that half of the Earth 
facing the Sun would get light continuously, whereas the 
other half would be perpetually in the dark. If that happens 
again, living beings would be subjected to life-threatening 
danger. Dynamism, state of motion, is pivotal for the exist¬ 
ence of the Universe. 

"If that is so, you might ask, how can the evolution of 
time-shells be prevented? They would surely come into be¬ 
ing. Once they are there, then what would prevent us from 
travelling from one to the other? And back to the first? We 
can easily go from Mumbai to London, or say from the pipal 
tree to the mango tree near the horizon over there. It should 
be equally unproblematic to travel from one time-period to 
the other. That sounds logical but as I said before, that is 
rather illusory. It gives rise to all kinds of thorny situations. 
Let me give you a glimpse of one of them. That should warn 
you of the pitfalls that confront time-travel. 

"Gravitational pull slows down time. Einstein had 
found that out with one of the equations constituting the 
Theory of Relativity. The entity that has the maximum gravi¬ 
tational attraction in the Universe is the black hole. The force 
of gravitation of a black hole is so great that even light can¬ 
not escape from it. Thus its name. Naturally such a severe 
pull would bring time to stand still even in its immediate 
vicinity. Time would get frozen. 

"Now imagine that there are twin brothers. If they 
spend their entire life on this Earth, then both of them would 
grow old together. Their age at any moment would be the 
same. Because, in their case, time would be moving at the 
same rate. Imagine that one of them gets it in his head to 
visit a black hole and go round it once. Actually, he would 
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not be able to reach the black hole. For, if he really did, he 
would get permanently trapped inside. He would not be 
able to overcome its gravitational pull and would not be 
able to leave it at all. He can, however, approach it and get a 
bird's eyeview from a safe distance. Even at that distance he 
would be subjected to a very high force of gravitational at¬ 
traction. Naturally, time in his case would be making very 
slow progress. That is why when he returns from that fasci¬ 
nating sojourn to give a wonderful account of his travels, he 
can boast of youthfulness. Compared to his twin brother 
who had not felt venturesome and remained rooted to Earth, 
he would be far younger. If the ages of twins thus started 
differing by vast margins, the whole familiar world would 
go crazy. The very foundation of our living process would 
get shaken. Jayant Narlikar, the astrophysicist and disciple 
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of Fred Hoyle, has written a delightful science fiction short 
story based on this paradox. The hero of his tale makes a 
journey to the black hole and back and gets to marry the 
daughter of his classmate. While his friend had aged by 
twenty years, his own age had advanced barely by a year. 
He and his bride, therefore, lived happily ever after. That is 
fiction nonetheless. In real life you would not encounter such 
a happy ending after time-travel. Is it what you would 
wish?" 

Carried away by his own enthusiasm, Vikram had yet 
again committed the fundamental error of asking the genie 
a question. The latter was thus handed a ready-made solu¬ 
tion to his problem. He thankfully grabbed that and escaped 
to his cosy dwelling. 
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Vikram was puzzled. Was he going forward? Or was he fall¬ 
ing backward? Was he moving ahead into the future? Or 
was he going back into the past? He could not quite decide. 
Sometimes the current of a stream develops a vortex and 
keeps going round and round in the same groove. Some¬ 
thing like that seemed to have happened to the flow of time 
in his case. There was no other explanation to the predica¬ 
ment he found himself in. He was trying to carry the phan¬ 
tom with him in the forward direction. But the genie kept 
escaping to his favourite pipal tree. He had then to follow 
suit and trudge back to the same tree. Instead of marching 
ahead he seemed to be stuck in this groove like something 
caught in a vortex. While these thoughts were raging in his 
mind, he had unknowingly walked back to the tree. Find¬ 
ing himself there, he went ahead and hoisted on his shoul¬ 
der the inert body, which the apparition was inhabiting for 
the time being. He started on his usual trek in a ponderous 
manner. 

On hearing the story of the twins, the phantom has been 
troubled with a number of bewildering doubts. He was itch¬ 
ing to ask Vikram about them, "It may be alright in fiction. 
In real life such things do not happen. I cannot for one be¬ 
lieve that the ages of twin brothers can be so radically dif¬ 
ferent that while one becomes a doddering old man, the other 
remains sprightly and youthful. You are making several 
self-contradictory statements. On the one hand, you say that 
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time-travel is impossible. In the same breath, however, you 
aver by Einstein that time constitutes the fourth dimension 
on par with those of length, breadth and height. How can 
that be? You insist on quoting Einstein that space and time 
are not different but there is only unitary space-time. Why 
is it then that one can move without hindrance in space but 
is forbidden to do so in the dimension of time? The two 
statements are inconsistent. You want to have your cake and 
eat it too." 

"I don't," Vikram cut him short. "Neither does Einstein. 
He has merely depicted the Universe in its true colours, fie 
has nicely wrapped it up in the form of some elegant equa¬ 
tions. Those have been subjected to stringent experimental 
tests. The equations have passed those tests with flying 
colours. If all those colours give you the blues, poor Einstein 
cannot be held responsible. Those are the colours Nature 
has chosen to don. According to those very ways of Nature, 
time-travel seems to pose unsurmountable problems. It does 
not seem to be as free or facile as space travel. But it is not 
Einstein who has put up those obstacles. They are natural. 
If Nature itself has deemed time-travel improbable, it can¬ 
not be helped. 

"I have already demonstrated to you some of those 
hurdles, which confront a prospective time-traveller. Let me 
present to you a couple more. One of the underpinnings of 
Einstein's theory is that nothing can move faster than light. 
The speed of light is the ultimate speed limit in the Uni¬ 
verse. I have already told you about the effect of motion and 
the speed of that motion on time. Well, the speed of motion 
also impinges on length and mass. Any entity moving at 
the speed of light would contract to such an extent that its 
length would become infinitesimally small, almost zero. In 
contrast, its mass would become infinite. In short, the entity 
would assume the status of a singularity, which is what the 
Universe was before coming into being in its present state. 
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In practice, this would be highly improbable; well nigh im¬ 
possible. That entity would not be able to survive such a 
catastrophic change in its character. 

"There are other complications. One of these has been 
described very eloquently in the form of a limerick. The lim¬ 
erick had become very famous at the time it was first pub¬ 
lished. It relates the story of the voyage that one girl under¬ 
took. It goes like this. 

There once was one Miss Bright 

Who travelled faster than light 

She started one day 

In the relativistic way 

And returned home the previous night. 



"Such an utterly bizarre journey would cause total pan¬ 
demonium. If one arrived at one's destination even before 
the commencement of that expedition, it would lead to com¬ 
plete disorder. Suppose, that you got back as usual to that 
tree after breaking my pledge and listening to my narration. 
But if that happened even before I placed you on my shoul¬ 
ders and started walking, it would be very confusing to both 
of us. If the impact of any action or an event were to mani¬ 
fest itself, even before the occurrence of that event or action 
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it would rock the very foundation of this Universe. The cau¬ 
sality principle, the one that clearly specifies the relation¬ 
ship between cause and effect would get thrown out the 
window. 

"That anarchic situation is very charmingly described 
in the story of one Somaji Gomaji. Somaji was disgusted 
with the life doled out to him by Nature. He was extremely 
unhappy with his lot. Thinking that the genetic legacy 
handed out to him was responsible for his deplorable state, 
he decided to take matters in his own hand and do some¬ 
thing about it. So he travelled back in time to the distant 
past when his grandfather was a mere toddler. He murdered 
him in his infancy. He thought he had worked out a very 
neat solution to his problem. But since his grandfather died 
in his childhood, he did not grow to manhood and obvi¬ 
ously did not marry. Naturally he could not sire any chil¬ 
dren, including Somaji's father. Since the latter did not set 
foot in the world, he could not give birth to Somaji. But if 
Somaji was not even born, then how could he go back in 
time to kill his grandfather? And if the grandfather was not 
killed when he was very young, what would prevent him to 
get married eventually and produce children of his own? 
Why cannot one of them in turn give birth to Somaji? How 
could his lot undergo any change under those circum¬ 
stances?" 

The spirit was completely befuddled. His head was 
spinning like a whirling top. Through that haze though, 
realisation came to him that Vikram, excited as he was, had 
asked not one but four questions. That was just the recess 
he needed to take the much-needed rest to bring everything 
into order again. 
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Vikram realised that he would have to get hold of himself. 
Vetal merely provoked him into talking because his inten¬ 
tion was to somehow force Vikram to break his pledge of 
silence. He was thus obliged to respond to the questions 
put forth by the spirit. It was not necessary' to get carried 
away. He should not lose his cool. He should talk only as 
much as was sufficient to clarify the genie's doubts. That 
done, he could again hold his tongue. The thoughts buoyed 
his sagging spirits. He went back to the tree and brought 
down the limp body occupied by the apparition. Placing it 
carefully on his back, he started anew with a spring in his 
step. 

Vetal had not still recovered from the effect of that roller¬ 
coaster ride that Vikram had taken him on. The paradoxes 
of time-travel had left him in such a baffled state that he 
was unable to think straight. He had noticed that Vikram 
had increased his pace. Yet he was not able to formulate any 
relevant question to delay Vikram. He was still trying to 
find out logical solutions to the conundrums that Vikram 
had posed. He was not obliged to do so. Nonetheless, he too 
was intrigued by those. He was groping in the dark. There 
was every possibility that this time Vikram would be able to 
keep quiet right through. 

Suddenly he saw a way out of his predicament. He re¬ 
proached himself for not having seen it earlier. There was, 
however, no time to be lost in self-reprimand. Vikram seemed 
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to have covered a lot of ground. Vetal hastened to air his 
doubts, "All right. I do accept your contention that it is sen¬ 
sible to go along with the flow of time. That is the only op¬ 
tion. One cannot hope to burst out and try to get ahead of 
the current. That lands one into all sorts of awkward situa¬ 
tions. It is equally problematic to swim against the current 
and try to enter the past. It causes unprecedented upheaval. 
But suppose we were to stay put and let the flow of time 
itself reverse its direction. Why should the arrow of time fly 
only in one direction, from the past to the future? Why can 
it not make an about turn and proceed from the future to 
the past? You know very well where you would go should 
you decide to hold your tongue in spite of knowing the an¬ 
swer to this question. I do not have to spell it out. I think 
you should give up your obstinacy and behave. That would 
be advantageous to both of us." 

Vikram had to acknowledge the spirit's resourcefulness. 
He thought that he had left the phantom clueless by recount¬ 
ing that mind-boggling story of Somaji and his grandfather. 
But the spirit had found a way out of the maze. That too in a 
very telling fashion. He had turned the tables neatly. Vikram 
could not afford to keep mum, even though silently he was 



Fig. 40.1: The flow of time from the past to the future. 
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praising the phantom. "We talk about the flow of time. That 
is rather loose talk. It may serve our purpose of conveying 
our thoughts. It is still rather an analogy; a rather inappro¬ 
priate one at that. It is merely a play of words. Just because 
we use the term 'flow' one cannot see it like the steady or 
occasionally turbulent flow of water in the river. Well, talk¬ 
ing about rivers, does not one see it flowing only in one 
direction? It always flows down the mountain slopes to the 
seas. It invariably moves from its source to the delta near 
the seashores. Have you ever witnessed the great Ganges 
going from the Bay of Bengal to its source, the Gangotri? 
Does it ever leave the plains of Uttar Pradesh and Bihar for 
the glaciers high up in the Himalayas? Never. The river flows 
but, unidirectionally. We would start having doubts about 
the sanity of one suggesting that it should go the other way. 
The same is true of the flow of time. It will always be fol¬ 
lowing one direction, that is, from the past to the future. 

"If one still persists in asking why should it be so, he 
would have to be told that the question simply does not 
arise. Einstein has made it very clear that the flow of time is 
only a figment of our imagination. As per the relativistic 
perspective, one cannot use terms like a specific moment or 
a particular stage in the flow of time in a definitive manner. 
The specificity of that moment would be dictated by the 
frame of reference of the onlooker. If he is static, he would 
perceive it to be one particular moment. But the perception 
of another spectator who is in a state of relative motion that 
moment would be totally different. The simultaneity of any 
two events is not absolute, but only relative. I am answer¬ 
ing your question now. But this now is only with respect to 
the two of us. That is because both of us are travelling to¬ 
gether at the same speed. So we are static with respect to 
each other. Our relative speed is zero. A passenger travel¬ 
ling in a train has the same speed as that of the train. So, 
their relative speeds are nought. They are static with respect 
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to each other. Our situation is not different. My 'now' is also 
your 'now'. My present is also your present. But from the 
standpoint of a third person, it could be the past or even the 
future. His relative state of motion would specify which one. 
The use of the term flow of time is for colloquial conve¬ 
nience. One should not stretch the analogy to unreasonable 
extents." 

Vikram was happy that he had deftly avoided the pit- 
fall of asking a question. Still his pledge was broken. That 
was enough for the genie to reverse his direction and go 
back to the pipal tree. 
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Vikram was not really at a loss to understand how he could 
get out of the web that Vetal appeared to have so cleverly 
woven. If he did not utter a word, the spirit threatened to 
blow his head apart. If he paused even briefly to catch his 
breath, the genie latched on to that opportunity and sprinted 
back to his perch on the tree. If he stopped because he had 
said all that he had to say, the phantom still did the same 
thing. The only way out seemed to be for him to continue 
talking cogently and relevantly, without even a breather till 
he reached his destination. That was a tall order. The whole 
affair was terribly unfair. Still, he had no choice but to play 
the game by the rules formulated by the spirit. 

He had barely get down to business and commenced 
his march when the genie spoke,"You made a very nice play 
with words alright. Play of words indeed! You just went on 
a real merry-go-round, didn't you! My 'now', your 'now', 
but not somebody else's 'now'. Now, now, you could have 
fooled me with that once but not now. No way! But I must 
give you credit for trying to waylay me and avoid provid¬ 
ing the right answer to the question I had posed. Instead of 
trying to send me on a wild goose chase, you had better get 
back on the right track and answer my question, which is, 
'Why does time move only in one direction'?" 

Vikram was not left with any option but to toe the line 
the spirit had drawn. "Well, in a way you have answered 
your own question. There is no mathematical reason why it 



6 OCTOBER, 2000 


163 


should be so. The physical principles, which seem to drive 
the affairs of the Universe, do not make any distinction of 
that kind. They are not in the least affected whether time 
flows in the forward direction or in the reverse. The equa¬ 
tions representing those principles can still be solved if time 
carries a negative sign instead of the positive that we use 
today. That reversal of the sign does not create any difficul¬ 
ties. The solutions also are very neat, except that it would be 
mighty impossible to run the Universe in accordance with 
those solutions. 

"Let me cite just one instance. If time in the equations 
governing the affairs of this Universe carries the negative 
sign, at least some bodies in the Universe would be deemed 
to have negative energy. That would give rise to a prickly 
situation. How can anybody possess negative energy all the 
time? You would perhaps be able to understand the prob¬ 
lem if I were to draw your attention to an analogous situa¬ 
tion from everyday life. Suppose you were to ask me how 
much wealth I possess. I can say that I possess considerable 
amount of wealth. On the contrary, I might have very little. 
But it would always be positive. If I manage to squander 
away all of it, I might not be left with any. In that case my 
net wealth would be zero. But it can never be negative! For 
it to be negative, I would have to owe it to somebody else. 
In other words, I would be in debt. Someone would have to 
lend it to me. But he is not going to give it to me out of pity. 
He would check my creditworthiness. He would like to make 
sure that eventually I would be able to repay that debt. To 
put it in another way my state of negative wealth would 
have to be a temporary situation. Eventually, I should have 
enovigh wealth so as to return the amount lent to me. For 
that to happen I would have to have a steady source of in¬ 
come. The lender would make sure that I have one. If I am a 
salaried person, he would like to have a look at my pay slip. 
If I am a professional, he would look for my scale of fees. 
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If I am a businessman, he would like to ensure that mv ven- 
ture is not in the red. So, yon see that I cannot always have 
negative wealth. My life cannot run smoothly with that state 
of affairs. The same would be true of all the entities in the 
Universe. If time runs backwards, then it will carry a minus 
sign in those equations that govern the running of the Uni¬ 
verse. In that case some entities would be in the red with 
respect to their energy resources at all times. No entity in 
the Universe is totally isolated. It is linked with the rest in 
some way or another. So, even if one such entity starts 
behaving in a strange manner, it would cause a disturbance 
in the working of all the rest sooner or later, creating a situ¬ 
ation that would upset the Universe in an irretrievable 
fashion. 



Fig. 41.1: Man's life history in reverse. Is this possible? 


"There is yet another issue intimately associated with 
the flow of time. That is the causality principle. I had briefly 
alluded to that. The cause always precedes its effects. The 
fire gets started first. It burns down everything to cinders. 
If, now, the arrow or time reverses its direction, then fire 
would have to rise phoenix-like from the ashes. Man will 



6 OCTOBER, 2000 


165 


take birth on the funeral pyre instead of the cradle. Instead 
of growing old day by day, he will start getting more and 
more youthful. Youth will follow old age instead of the other 
way around. He will continue on to the childhood and then 
infancy. Finally he would enter his mother's womb and end 
his life there. This would be in total contradiction to the way 
in which the Universe functions today. The manner in which 
the Universe goes about its business is logical. The other 
way around would be devoid of logic. Hence, it would col¬ 
lapse. If that were to be prevented, then the arrow of time 
cannot reverse its direction." 

Vikram checked himself in the nick of time. He was 
about to say 'Can it?' more in the way of a rhetoric. But he 
realised at the last moment that the genie was apt to inter¬ 
pret it as a straightforward question and grab the opening 
to leave his shoulders. But even that momentary, almost 
imperceptible, pause needed to check himself was adequate 
for the phantom to go backwards towards his original 
dwelling. 
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Vikram had, to his discomfiture, learnt that he couldn't af¬ 
ford to allow a question take shape even in his mind, let 
alone get it to the tip of his tongue. Even if he stopped him¬ 
self from getting carried away by his exposition and raise a 
query openly, the momentary, involuntary break prompted 
by formulation of a question in the mind was enough for 
the genie to get away from his grasp. He had to be extra 
alert. It was a challenging proposition. The thought gave 
him the fillip to return to his undertaking, "I do not quite 
see the problem, Vikram. You seem to be overreacting to the 
possible implications of a reversal in the flow of time. You 
are accustomed to the way the Universe runs at the mo¬ 
ment. You feel secure and fear the unknown. What is wrong 
if man gets younger day by day instead of older? You find it 
irrational because you are not used to it. But fundamentally 
I do not see the difficulty in accepting that kind of a situation. 
Your resistance to the idea of time flowing backwards is that 
of one who does not want to throw away a torn, old shoe 
just because he is used to it. You wax eloquent on the Theory 
of Relativity. You should, therefore, have no qualms in ac¬ 
cepting that the terms 'backwards' and 'forwards' are also 
relative. Their meanings depend on the frame of reference 
of the observer. What is forward for one would be backward 
for the other, to put it in your own words. If you wish to 
convince me of the catastrophe that reversal of time flow 
would let loose, you would have to come up with real 
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answers and not virtual ones. You had better get cracking." 

Vetal had not apparently posed any question in the form 
that he was accustomed to. Still he could sense the virtual 
question raised by the phantom's arguments. Vikram had 
to break his pledge and respond, "This question has been 
with us since the nineteenth century. It is one of the laws 
enacted by Nature itself. When an egg breaks the fluid mat¬ 
ter inside, the albumin and the yolk ooze out and start 
spreading all over the place. It happens as a matter of course. 
It is easy to break an egg and scatter its contents. It does not 
take much effort. Not much energy has to be spent to ac¬ 
complish that. But, if one were required to collect all that 
matter spread out haphazardly and put it back into the shell, 
it would be a tall order. One would have to sweat it out and 
even then may not be able to pull it off. Substantial amount 
of energy would have to expended for the purpose. 

"To confine a certain quantity of gas inside a room, the 
cell has to be made up of a special material. The walls of 
such a chamber have to withstand the pressure exerted by 
all the gas molecules. In an effort to escape the confinement. 



Fig. 42.1: Chaos and disorder are the order of the day. 
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the molecules continuously impinge on those walls. If the 
fortifications weaken or the pressure rises beyond 
expectation, then the cell no longer can restrain the gas 
within its boundaries. It gets out and spreads over a large 
area. It gets evenly spread out. 

"Have you ever keenly observed a child? What is its 
natural tendency? It loves scattering its toys all over the room 
in which it has been confined. It detests orderly disposition 
of the premises and sets about righting what it sees as the 
unnatural way of keeping things. If it is chastised and asked 
to clear all the 'mess', it protests and starts howling. It is not 
an acquired trait but innate behaviour. Nature itself has in¬ 
stilled that characteristic in the toddler. 

"Nature does not relish the imbalance created by con¬ 
fining an entity in a small area. It prefers that it be dispersed 
all over in an equitable manner, thereby establishing the right 
balance. If ever, certain circumstances do give rise to such 
an imbalance, it takes steps to restore the balanced position. 
To put it bluntly, chaos or disorder is the order of the day as 
far as Nature is concerned. A state in which things are ar¬ 
ranged in a well-organised manner remains unstable. Nature, 
at the slightest possibility, disturbs it in an attempt to bring 
disorder and instability. 

"Scientist, out of their penchant to use the jargon, put 
it in a different way. They say that entropy always rises. The 
state in which entropy is the maximum is one in which ex¬ 
penditure of free energy is the least. So it becomes a profit¬ 
able and not a loss-making venture. The balance sheet is 
neat and tidy with the bottom line in the black and not the 
red. Peace reins over the Universe. 

"So if we abhor a turbulent Universe and would much 
rather have a tranquil one, then the perfume locked up with 
great difficulty inside a tiny vial would have to be let loose. 
Spread out, it will enliven the environment with its sweet 
fragrance. If we want to gather all those scented particles 
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and get t em back into 
that bottle, it would be a 
quixotic venture. 

"Because time has 
been moving in the direc¬ 
tion it has; the dense, and 
therefore extremely 
unstable, singularity ex¬ 
ploded with a big bang 
giving birth to this mul¬ 
tifaceted Universe in all 
its grandeur. It has made 
it possible for life in all its 
diversity to evolve. You 
and I both must be 
grateful to that. We owe 
our existence to the emergence of life. If time moves in the 
reverse gear, this Universe would have to inevitably march 
towards that singularity. It would be like the bottle of 
perfume kept with its lid firmly on. It would be in a state of 
perpetual discontent. It would keep fuming and fretting. 
That would not bring joy to anyone. What is the use of a 
bottle of perfume that never gets opened? Unless it escapes 
that confinement and spreads into the atmosphere, its heady 
scent is of no use to anyone. Not only do others enjoy the 
fragrance, but even the molecules of that perfume enjoy the 
freedom. If time reversal occurs, the Universe would be 
eternally unstable and hence, turbulent. In fact, it would not 
come into existence at all. Of course, in that case neither 
would you be there, nor your persistent questioning. That 
might bring some cheer to me. Wouldn't it!" 

Vikram had not asked a question. It was merely a rhe¬ 
torical exclamation. But even that was enough for the phan¬ 
tom to escape from the state of captivity imposed by Vikram. 
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Vikram was incensed at this state of imbalance. Vetal was 
free to go everywhere at will. He could break free of the 
restraints imposed by Vikram. He could ask all kinds of ques¬ 
tions without let or hindrance. He was not obliged to an¬ 
swer any. In contrast, Vikram could not even bring a ques¬ 
tion up in his mind. He could not keep quiet if he wished. 
He had no freedom of movement for he had to perpetually 
move in the direction chosen by the phantom. This was un¬ 
fair. He must establish a state of equilibrium between the 
two of them. Even if he had to spend sizable quanta of 
energy, he would not mind. That thought buoyed his sagging 
spirits and he went to the tree with grim resolve. 

The genie was waiting for him. If Vikram had given up 
in despair and started leaving without bothering about the 
apparition, he would have, of his own accord, jumped on to 
Vikram's shoulders. He was now spellbound by the fasci¬ 
nating story of time that Vikram was unfolding for his 
benefit. He did not want to miss any new instalment in that 
eternal saga. To make Vikram continue, he asked, "So this 
flow of time would go on for ever and in the same direction 
too. It cannot be made to make an about turn and start flow¬ 
ing in the converse direction. Not only that, it cannot also be 
made to take a break. It cannot even be restrained, much 
less confined. Is that it?" 

"That is correct," asserted Vikram. "It cannot be influ¬ 
enced except by Nature. Well, Nature has managed to keep 
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time trapped in a manner of speaking. Deep inside the Earth's 
interior. Nature has managed to keep a log book of all that 
transpired at various times in the past since the Earth came 
into being. After the birth of our planet as an amorphous, 
shapeless, infernally hot mass, several events of note have 
occurred. Each one has a story to tell. The Earth, from that 
embryonic stage, has been transformed out of all reckoning 
to its present vibrant state, teeming as it is with bewilder- 
ingly diverse living organisms. Historical records either writ¬ 
ten or in the form of various gadgets and implements reveal 
to us fascinating information about the human species since 
its beginning as a slightly different primate. Our family al¬ 
bums depict the growth and development through various 
stages of the family members. In a similar fashion, records 
of the different stages through which the Earth got trans¬ 
formed are maintained carefully under the surface of this 
Earth. 

"The land under our feet is made up of rocks. These 
have certain distinguishing characteristics. That, however, 
is only on the surface. If one starts drilling and going deeper, 
one finds that different layers of the rocks sport different 
features. That is because the rocks are formed as a result of 
natural events of those times. In particular, sedimentary rocks 
preserve a log of those natural phenomena that took place 
at the time of their formation. Every such layer can be con¬ 
sidered to be a time capsule containing specimens of flora, 
fauna and minerals of the time. The rocks in turn can be 
likened to calendars or almanacs of natural events. 

"Of course, the presently available means of 
timekeeping had not come into existence at the time these 
time capsules were created by Nature. As of date, the Earth 
is believed to be four-and-a-half-billion years old. No reliable 
means of measuring such a length of time were at hand when 
these time capsules were discovered. So their time was de¬ 
fined in terms of the special characteristics that distinguished 
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them. For sure the very nature of the sedimentary rocks tells 
us that the topmost layer is the most recent one. The one 
underneath is slightly older than that. The deeper a layer is, 
the older it is. The one at the bottom of the ladder is the 
most ancient. That gives a handy, if indirect, time-scale to 
denote the different layers. Geologists have come to depend 
heavily on this scale. 

"It is not so bad or impractical as it sounds. We use a 
similar measure in our day-to-day life as well. We say that 
we are now living in independent India. When we refer to 
the post-Independence era, we are talking of the period after 
the year 1947. Everyone understands that. There is no 



Fig. 43.1: Geological time-scales. 
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Fig. 43.2: Fossils are evidences from times past. 


confusion. When we talk about the Peshiva or the Maratha 
period, we refer to the seventeenth and eighteenth centu¬ 
ries. The British period follows the Maratha period and the 
Mughal period precedes that. Even if we do not specify a 
particular year of the Christian era, those terms denote the 
time period in an unambiguous manner. 

"In the same fashion the geological time denotes vari¬ 
ous periods in the history of the Earth. Suppose a particular 
layer of the rock contains fossilised remains of the dinosaurs. 
Obviously that layer was formed when those giant reptiles 
ruled the Earth. No dinosaur fossils would be found in the 
layer above or below that, no matter how hard one looked. 
Because, by the time the upper layer was formed, dinosaurs 
had gone extinct and newer species of animals and plants 
had evolved. The lower layer was formed when dinosaurs 
had not yet come into being. The boundaries between any 
two layers constitute a grey zone. They do not lend them¬ 
selves to such clear-cut identification. So, even though the 
rock makes up a continuous and unified entity, the different 
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layers have different stories to tell. So they can be told apart. 
With one caveat. Such distinctions are made on the basis of 
the fossil remains predominantly found in a layer. Only liv¬ 
ing organisms give rise to fossils. So they can be found only 
after life emerged on the Earth. The period of the formation 
of first ever such layer is called the Cambrian period. The 
time interval between the formation of the Earth and emer¬ 
gence of life cannot be further divided into separate, easily 
identifiable eras. That is why the entire period is termed as 
the Precambrian era. Successive layers thereafter belong to 
the Archean, Proterozoic, Phanerozoic and so on. Within 
these rather large periods lie the smaller time capsules be¬ 
longing to Cretaceous, Triassic, Jurassic periods." 

Vikram was happy. He felt that with that detailed re¬ 
ply he had buried the genie's questions for all times to come. 
But while giving that information Vikram perforce had to 
break his silence. The genie too was satisfied with that. He 
lost no time to run away to his abode. 
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Vetal had returned to his tree more out of habit. It was not 
out of any desire or conscious effort. He rued it, for he was 
fascinated by the story of the time capsules preserved by 
Nature. He wanted to know more about those. He was wait¬ 
ing for Vikram to get back and start on his trek once again. 
That was the only way to satisfy his aroused curiosity. He 
thus blurted out the questions even before Vikram had taken 
the first step forward, "You say that the different periods of 
time were named after the dominant events of those distant 
era. That was perhaps inevitable under the circumstances. 
But the exact time when that particular time capsule was 
created must have eventually been estimated. The identity 
of the fossilised life forms that were found in a particular 
stratum of the rocks may have helped in naming those peri¬ 
ods. Still, one would certainly like to know how long ago 
those now extinct living organisms ruled over the Earth. It 
may not have been possible to know that at the time of their 
discovery. But now that you have succeeded in accurate 
measurement of even a million billionth of a second, that 
task should not be out of your reach. Obviously, some people 
at least must have had a go at it. Why are you then trying to 
keep that information from me? Why do I have to repeat¬ 
edly remind you of the disastrous consequences of your in¬ 
transigence?" 

"You are being unfair. If I wanted to withhold some 
information from you, I would not have talked about this 
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Fig. 44.1: W. Libby devised 
the radiocarbon dating 
method. 


geological time-scale at all. I have 
not only told you about those, but 
had also indicated why it was not 
possible to determine with any 
degree of confidence the time at 
which they were formed. That 
situation underwent a change only 
in the latter half of the twentieth 
century Willard Frank Libby, the 
American Nobel laureate chemist, 
thought up this novel method of 
determining the age of ancient 
artefacts. 

"The key element of the 


method lies in the very structural 
characteristic of all life forms in this world, animals as well 


as plants. Carbon is the most crucial constituent of all living 



Fig. 44.2: Age dating method of radiocarbon. 
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organisms. All the macro-molecules that support life have a 
backbone of carbon. Carbon is obtained from the atmosphere 
where it is available aplenty in the form of carbon dioxide. 
This gas is used by plants for the vital process of photo¬ 
synthesis, which helps them produce carbohydrates. 
The herbivorous animals get their quota of carbon from the 
plants. These animals in turn make it available to the 
carnivorous animals that feed on them. 

"In Nature, carbon exists in more than one form. Of 
these, two are of interest. The first is the more abundant and 
stable isotope of carbon with an atomic weight of 12. The 
other is the unstable and hence, radioactive isotope with an 
atomic weight of 14. Their relative concentration in the at- 
mosphere.remains constant. Since isotopes differ only in their 
physical but not chemical properties, the plants do not make 
any distinction between them. They take in both of them 
readily. Naturally, the relative concentration of the two forms 
of the element in the bodies of the plants is the same as that 
in the air. Since the heavier isotope that is carbon 14, is 
radioactive, it decays, transmutating into nitrogen 14. In ad¬ 
dition, there is some loss due to normal excretion of waste 
material. But that is recouped by fresh intake from the air. 
So the relative concentration remains constant. 

"That situation obtains as long as the organism is alive 
and actively undergoing metabolism. On its death, none¬ 
theless, it undergoes a sea change. Now the loss of carbon 
14 due to radioactive decay is no longer made good. The 
stable carbon, on the other hand, remains at the same level 
as that at the time of death. The net result is that the relative 
concentration changes. The half-life of radioactive carbon is 
5,700 years. In other words, the concentration of carbon 14 
would be reduced to half its original value after 5,700 years. 
After the lapse of another 5,700 years, it is reduced to one 
fourth of its original value. If the relative concentration of 
the stable isotope in the carcass of an animal or the remains 



178 


ABOUT TIME 


of a plant is found to be twice that in the air, one can con¬ 
clude that the animal died 5,700 years ago. Thus, measure¬ 
ment of the relative concentrations of the two isotopes in 
any ancient artefact helps determination of its age. The fos¬ 
sils trapped in a particular stratum of the rocks can be stud¬ 
ied in this fashion and their age determined. Since the prop¬ 
erty of radioactivity of carbon is so cleverly exploited for 
determining the age, this method is now named as the ra¬ 
diocarbon dating technique. It is used extensively by archae¬ 
ologists. Libby received the Nobel Prize in chemistry for 
developing and refining this technique." 

Useful as the technique was, it had its limitations. 
Vikram thought of enumerating those too. He was afraid, 
however, that by doing so he might open other avenues for 
the genie to explore, thus erecting more hurdles in his path. 
The ensuing debate in his mind had prompted him to take a 
momentary pause. That was just the opening the phantom 
needed to make his way back to his beloved pipal tree. 
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Vikram had lost count of the number of aborted trips he had 
already made. How long ago was it that he had embarked 
on this venture, he could not quite remember. He wondered 
whether to know the interval that had passed since he would 
have to resort to radiocarbon dating. He was feeling sure 
that if he were not able to accomplish his mission, soon he 
would get fossilised. He was getting tired. Still, he would 
have to find that extra reserve of energy to go ahead. 

The genie was waiting for Vikram to undertake yet 
another of his trips. He commenced his usual game of pro¬ 
voking Vikram with loaded arguments. He said, "That Libby 
may have impressed the Nobel committee with his tech¬ 
nique. But I do not think that it was of much use in deter¬ 
mining the exact time of all those ancient rocks. Let me state 
a couple of problems that I envisage. Firstly, this radiocar¬ 
bon dating method is applicable only to living organisms. 
So if a rock layer does not contain any trace of a living being, 
it would be a non-starter. You yourself said that for quite 
some time since its birth the Earth was bereft of any life. 
That is why all that long period is together assigned an in¬ 
direct name like the pre-cambrian. How can the age of those 
rocks be determined at all if they do not have any semblance 
of life? So, either there is another method or you have misled 
me into believing that the ages of all rocks have been com¬ 
puted with the same degree of accuracy. Either way, it is 
bad for you." 
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"I have not misled you," Vikram uttered his rejoinder 
before the genie had a chance to renew his warning. "But 
you are right. The method has its limitations. One of those 
is the one you have so adroitly picked. Secondly, the half- 
life of carbon is 5,700 years. After one half-life, that is after 
5,700 years, the concentration of the radioactive carbon will 
be reduced to half its original value. When approximately 
23,000 years have passed, it will become just one-sixteenth 
of that starting value. In a period equivalent to just about 
ten half-lives, that is 57,000 years, the concentration of the 
radioactive carbon will assume such a low value that it will 
severely test the reliability of the technique. From the geo¬ 
logical standpoint that is a very small time interval. 

"Thirdly, for this method to come in handy, the object 
had to have obtained its quota of carbon originally from the 
air. So the technique cannot be of any use for determining 
the age of those objects that do not absorb atmospheric car¬ 
bon. This is true of aquatic animals. Fishes and such other 
marine fauna get their carbon from the water itself. Carbon 
leaching out from carbonaceous types of rocks gets dissolved 
in water. That then forms the source of carbon for the aquatic 
organisms. Those that essentially thrive by eating these or¬ 
ganisms also do not satisfy the basic conditions that need to 
be satisfied for use of the radiocarbon-dating technique. 

"Still, you should not talk lightly of Libby. He deserves 
his Nobel Prize for he had shown the way. The principle 
that the relative concentrations of a linked pair of isotopes, 
one stable and the other radioactive, can be used as a kind 
of clock was very novel and also much valid. All that was 
necessary to extend the utility range of the technique was to 
look for such pairs elsewhere in the periodic table. 

"Several such pairs exist in Nature. So, radio-dating 
techniques based on other such pairs have been developed. 
They can be employed for determining the age of just about 
any entity on the face of the Earth. For example, the atoms 
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Fig. 45.1: The decay of uranium reveals the ages of Earth's rocks. 


of uranium are unstable. When they gain stability by radio¬ 
active emissions, they give rise to atoms of another element. 
That too is unstable and emits radiation in its own quest for 
stability. The atoms arising out of this process also throw 
out excess baggage and transmutate to yet another element. 
This chain of events continues till at long last a stable ele¬ 
ment is formed. The chain of reactions initiated by uranium 
ends in the formation of lead. Once that element is formed, 
there is no further radioactive decay. So the pair, uranium 
and lead, lends itself to the dating technique. As time goes 
by, the concentration of uranium decreases while that of 
stable lead increases. The ratio of concentrations of these 
two elements thus gives a clue of the time involved. The 
half-life of this chain of reactions is as high as 710 million 
years. So even after seven billion years, the relative concen¬ 
tration can still be measured accurately. Yet another pair is 
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that of strontium 87 and rubidium 87. The half-life of that 
reaction is even higher at forty-seven billion years. Thus, 
the time in terms of billions of years can be measured with 
some degree of precision. The concentrations of any such 
convenient pair of isotopes in samples of rock are measured 
to determine its age. Such radio clocks tell us that our Earth 
is four-and-a-half billion years old. The age of the oldest 
rock is found to be 3.9 billion years. One can, therefore, 
reasonably surmise that for the first three-quarters of a billion 
years, the Earth was just a very hot mass of gas. Nothing 
solid existed at the time, not even rocks. Do you dig that?" 

The phantom could be excused if he had not heard that 
question. For he had achieved his goal of making Vikram 
talk and bolted away to his preferred relatively stable and 
static abode. 
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Vikram was at a loss to understand for how long he would 
have to go on responding to the phantom's queries. They 
seem to be unending. No matter how cleverly he framed his 
replies, the genie was proving adept at finding just the point 
that helped him set the stage for the next question. Vikram 
was then required to come up with a cogent response. The 
only way to exit this cycle for good seemed to be if Vetal 
was not left with any relevant question. Or if he did, could 
Vikram hope for respite. Only under those circumstances 
could he hope to carry the genie over to the cemetery with¬ 
out having to open his mouth. Till then he would have to 
bear the burden without murmur. He, therefore, made him¬ 
self ready for an unpleasant but inevitable task. 

Vetal did not come out with a question immediately. 
He too was finding it difficult to unearth some gap in the 
information already doled out by Vikram. He seemed to have 
covered every nook and cranny of the Universe. Had he re¬ 
ally? Suddenly the apparition thought of something and in 
doing so, gave expression to his doubts, "I will accept that 
you have come up with a neat and tidy technique for finding 
out the age of just about any entity on Earth. But that is the 
point. These radio-dating techniques can help determine the 
age of only earthly material. What about the rest of the 
Universe? There are entities there whose age also needs to 
be determined. You have surely done that. After all, what is 
the basis of saying that the Universe is ten billion years old? 
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Either you have a reliable method for finding that out, or 
you have engaged in wild speculation on that score. Which 
of these is it?" 

It did not take long for Vikram to realise that he was 
cornered. He had to now come forth with the explanation 
for that if he were to extricate himself successfully. "Nobody 
is immortal in this Universe. Sooner or later everyone has to 
come to an end of its life. Even the almighty stars do not 
constitute an exception to this general rule. The life story of 
the stars is very fascinating. This is neither the time nor the 
place to go into it in detail. Suffice for me to say that a star 
keeps shining in all its glory as long as the nuclear reactors 
within its interior keep burning at the optimum level. As 
long as the reactors are active the star keeps emitting energy 
generously. But the fuel that maintains the reactors in work¬ 
ing condition is never infinite. It does get exhausted in the 
long run. When that happens, the stars swell. They expand 
in size, converting themselves into red giants. During this 
phase, however, their surface is cooling. So after some time, 
they are unable to maintain the red giant form. They start 
contracting. That transforms them into white dwarfs. Their 
volume reduces to a very low level. They can continue in 
that state, sustaining themselves on the amount of energy 
kept in reserve. Naturally their luminosity gets reduced at a 
very fast rate. Finally it becomes so low that the star in this 
new incarnation becomes but a shadow of its earlier self. 

"Our own Sun is not a very big star by any standards. 
But the white dwarfs pale in comparison to even the Sun. 
Moreover, the shine of the white dwarfs that is visible to us 
may not be their true brightness. If it were too far from us, it 
would appear even fainter than it actually is. Even a bright 
100-watt electric bulb appears rather weak when one looks 
at it from a considerable distance. In contrast, a modest 
earthen lamp that is near to us seems to be giving more light 
than that distant bulb. The same is true of the heavenly 
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Fig. 46.1: As a human baby grows into an adult and then into old age, 
stars after birth also change with time as the hydrogen fuel in their core is 
depleted. 


bodies. So, eschewing the apparent luminosity of these white 
dwarfs, one has to find out their true brilliance. 

"There are numerous white dwarfs in space. All of them 
are burnt out stars. The one, which is the weakest, the one 
whose luminosity is the minimum, can be considered to be 
the one which got extinguished first. A reasonable conclu¬ 
sion can be that it is the oldest star in the Universe. 

"You might argue that some of these could be so old 
that all their stored energy is exhausted. It is a common 
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experience that an oil lamp, which has used up all its store 
of oil, no longer gives out light. At most it spews out smoke. 
It becomes invisible in dark. Likewise, some white dwarfs 
may have become invisible in the darkness that prevails in 
outer space. These would be even older. 

"That contention is not tenable because the white 
dwarfs are usually very massive. Their mass is converted 
into energy, which allows them to continue to emit some 
light albeit very faint. The mass is so large that it would take 
very, very long time for it to get worn out totally. Astro¬ 
physicists infer with a fair amount of confidence that some 
of them would need a time-period greater than the present 
age of the Universe to get totally run down. So, the age of 
that faintest, barely twinkling white dwarf can be consid¬ 
ered to be the age of the Universe. Consulting this white 
dwarf clock tells us how old the Universe is." 

Vikram stopped without feeling any remorse. He was 
satisfied that he had answered all the questions and clari¬ 
fied all the doubts that the spirit could possibly raise. He 
cannot have any more unanswered questions left, thought 
Vikram happily. So, even though having accomplished his 
own objective, the genie had disappeared from his shoulders, 
he was not worried. He went back enthusiastically in the 
expectation that this would be the last trip. 
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Vikram was not unduly worried when he commenced his 
next trip with Vetal firmly lodged on his left shoulder. 
Though he had to carry this burden one more time, he was 
fairly certain that this would be the last time. He could not 
quite see how the genie could put any obstruction in his 
path now. He moved jauntily with a spring in his step. 

Vetal was stumped. As Vikram had expected, he could 
not think up of any unanswered point, nor could he see any 
new angle that could be opened. Still, he could not let Vikram 
get away with it. Seeing that the king was moving along at a 
brisk pace, he started thinking aloud, "So time seems to be 
intertwined not only with space as so presciently stated by 
Einstein, but also with everyone's life. If this way of think¬ 
ing is correct then every living organism must be carrying a 
kind of clock inside, much like the white dwarfs. Am I right?" 


Vikram could not 
believe his ears. He had 
heard unmistakably the 
phantom put forth his 
argument. Yet he felt as if 
he was in a dream. That 
must be so. Otherwise, 
how could the spirit latch 
on so uncannily to the 
only, somewhat loose, 
thread that he had left in 



Fig. 47.1: Biological clock. 
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his narration? Whatever the reason, now there was no 
escape. He would have to unload whatever information he 
had on the topic and wait patiently for the apparition to run 
out of steam. "I think you have hit the nail on its head. In¬ 
deed, there is a clock ticking away inside every living being. 
This came to light long ago when the Greek civilisation was 
at its peak. Daily rhythms in plants and animals have been 
noticed since early times. As early as the fourth century b.c, 
Alexander the Great's scribe, Androsthenes, noted that the 
leaves of certain trees opened during the day and closed at 
night. In 1729, French astronomer, Jean Jacques O'rtou de 
Mairan, conducted the first known experiment on biologoical 
rhythms. He noticed that the sunflower was one of several 
species of plants whose flowers or stem buds face east in 
the morning, follow the movement of the sun during the 
day, and face west in the evening. Their leaves opened during 
the day and folded at night. When he put the plant in total 
darkness, the rhythm continued, however, and was not 
disrupted by the absence of daylight as an environmental 
cue. Although he was interested in this botanical phenom¬ 
enon, de Mairan pursued astronomy instead. 

"Two centuries before modern gardeners noticed that 
their day lilies closed at night, the famous taxonomist 
Carolus Linnaeus, discovered that the petals of many flower 
species opened and closed at regular times. He even created 
a garden with flowers which opened at various times so 
that he could tell the time of day just by looking in his gar¬ 
den. 

"Nothing exciting happened for many years until the 
early 1900s, when von Frisch observed that bees visited flow¬ 
ers only at specific times. He and Ingeborg Beling trained 
bees to visit a nectar feeding station between 4 and 6 p.m. 
The bees did not visit at other times, and they still visited 
even when the nectar was removed. When outside cues such 
as light were removed in laboratory trials, the bees still fed 
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at prescribed times. Al¬ 
though von Frisch did not 
know it, the bees were op¬ 
erating on an internal 
clock. 

"It wasn't until the 
1950s that Gustav Kramer 
and Klaus Hoffmann 
proved the existence of a 
biological clock. With an 
ingenious apparatus, 

Kramer demonstrated that 
starlings used the Sun as a compass to migrate even though 
the Sun itself moves throughout the day. That is, the bird's 
internal clock reorients it in the direction of the moving Sun. 
Hoffmann showed that the clock persisted in dim light and 
thus, is intrinsic to the animal. He showed that the animal's 
clock was synchronised to local time by the influence of the 
local environment. 

"In the 1950s, Colin Pittendrigh demonstrated that cir¬ 
cadian clocks are temperature compensated. In other words, 
even when the temperature changes with change of season, 
the rhythm of the clock is not thrown out of gear. Most meta¬ 
bolic activities increase when body temperature increases, 
but the period of the biological clock does not. 

"As the Sun rises in the east, the bats, which are essen¬ 
tially nocturnal creatures, go and hang themselves upside 
down on a tree, which also appears to be your favourite 
pose. Not a syllable emanates from them as long as the Sun 
shines in its full glory. But no sooner than he bids goodbye 
over the western horizon than they start making a racket. 
They conduct all their activities in the darkness of the night. 
The polar bears go to sleep as the winter sets in. They do not 
wake up until the Sun makes a hesitant entry six months 
later. This prolonged hibernation is in synchrony with the 



Fig. 47.2: Most animal activities are 
regulated by inner rhythms. 
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cyclic rhythm of the seasons. 

"The waking and sleeping hours of every animal are 
dictated by the internal clock, which is set in motion by the 
daily cycle of light and darkness. However, once so adjusted, 
it can do without those visible external clues for quite a long 
period. Prisoners kept in total isolation in dark cells have 
been seen to maintain the timings of their daily sleep-wake 
cycle even though they are totally unaware of what is hap¬ 
pening outside. This internal mechanism, which maintains 
the periodicity of several body functions, is called the 
'biological clock' in colloquial terms. Scientists refer to it as 
circadian rhythm." 

Having succeeded in stopping Vikram midway, Vetal 
kept to his own rhythm and went back home. 
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Even as Vikram started carrying the spirit on his usual jour¬ 
ney towards the cemetery, he wondered how many more 
daily rhythms would have to pass before the phantom would 
end his cycle of questions. Now that this new topic of bio¬ 
logical clocks had been opened, there would be quite a few 
clarifications that would be sought by Vetal. He would have 
to face them and resolve them to the genie's satisfaction. 
There would be no reprieve from that. 

Vetal too had sensed the new opportunities that had 
unfolded. But he was not much interested in merely thwart¬ 
ing Vikram's attempt. He was getting genuinely interested 
in acquiring as much new and absorbing information as 
possible. He, therefore, gave vent to his curiosity as Vikram 
took the next step, "You told me that this biological clock 
was an innate characteristic of every living being. It should 
thus hold true for human beings as well. You should have 
one and perhaps so should I. But I don't see it. I don't find 
any evidence of it. You must be merely trying to send me on 
a wild goose chase by letting your imagination run berserk. 
Aren't you?" 

"Most certainly not!" Vikram remonstrated in an an¬ 
noyed tone. He was incensed. He was trying very hard to 
please the genie by doling out all the information he had in 
a cogent and simplified manner, devoid of technical jargon. 
That Vetal should in return accuse him of deliberate filibus¬ 
ter was more than what he could take in. "I do not know 
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about you. But I undoubtedly have one. Every individual 
has it. That is what makes him sleepy at a particular time 
and wakes him up again from deep slumber. Why can't some 
of us wake up at 4 a.m. and start the day refreshed and ener¬ 
gized while others can? The answer to this question lies in 
the understanding of our 'biological clock', a term which is 
now considered very crucial to many scientific disciplines. 
Scientists in the growing field of chronobiology are devoted 
to studying the inner workings of our biological clocks—a 
study which sheds light on an array of other subjects such 
as sleep cycles and disorders, medical treatments, genetics, 
and evolution. 

"Though the sleep-wake cycle is the most easily dis¬ 
cernible manifestation of the body clock, it is by no means 
the only one. Many body functions are governed by this 
internal mechanism. We do not feel hungry at any odd time. 
There are specific times when the pangs of hunger hit us. 
Once that time is past, the pangs die down even if we haven't 
eaten anything. The body temperature, blood pressure, 
muscle tone are not constant throughout the day. They go 
up and down in a rhythmic manner as per the dictates of 
the body clock. Hormonal flows too keep in step with this 
rhythm. That is why many physical functions can attain peak 
efficiency at certain times and not at others. The cricket 
matches are played at night under floodlight these days. That 
goes against the circadian rhythm. Artificially the night may 
have been converted into day, but the body is craving for 
sleep at the time. How can the player be expected to per¬ 
form at the highest level? He may excel once or twice; but 
not night in and night out on a regular basis. The many bio¬ 
chemical reactions that regulate most of the body functions 
including that of the brain dance to the tune played by the 
body clock. If a different tune is played, these reactions find 
it difficult to maintain their tempo. 

"The external environment provides certain clues, 
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which are picked up by the body to set the periodicity of the 
circadian rhythm. So, the internal clock too maintains 
roughly a twenty-four-hour cycle. The physiological 
functions of an animal as also its behavioural pattern vary 
cyclically during a twenty-four-hour period. Nonetheless, 
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three intrinsic characteristics of circadian clocks have been 
identified. One, that the circadian rhythms once set can 
continue to run without environmental time-cues, such as 
light, two, that they can be reset by changes in environmen¬ 
tal conditions, and three, that the period of the circadian 
rhythm does not vary with the frequent changes of 
temperature in the environment. 

"The first feature may allow an animal to maintain the 
synchronicity between its circadian clock and the external 
environment in adverse weather conditions or when the 
animal must seek shelter for long periods of time The sec¬ 
ond characteristic, the ability to reset the circadian clock, 
enables us to maintain alignment with local time. Therefore, 
if someone travels to India from America, one can gradually 
acquaint oneself to the foreign time and create a new rhythm. 
The third characteristic addresses temperature and circadian 
rhythm. Regardless of whether the day is warm or cold, the 
cycle still lasts twenty-four hours. Therefore, a mechanism 
exists which offsets the effects of temperature changes so 
that the clock can accurately keep time. 

"The clock is located in the hypothalamus, which is a 
constituent unit of the brain. On one side this organ is con¬ 
nected to the pineal gland and on the other to the retina of 
our eyes. Electrochemical pulses generated by excitement 
of certain retinal cells, caused by sunlight, are received by 
the hypothalamus. The output resulting from the processing 
of these signals by that organ are transmitted to the pineal 
gland. In response, the pineal gland starts secreting a hor¬ 
mone, melatonin. This regulates the functional activities of 
many other organs. 

"Even though sunlight is thus instrumental in provid¬ 
ing the initial trigger for starting the clock, it can function 
efficiently even in the absence of such environmental clues. 
However, if the body continues to receive confusing signals 
from the environment, the internal rhythm goes haywire 
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causing discomfort. This is the reason why passengers trav¬ 
elling long distances by fast planes experience jet lag." 

Vikram realised his mistake a fraction of a second too 
late. He had unknowingly mentioned jet lag. That would 
give the genie just the handle to keep playing his distrac¬ 
tion game. But now that he had put his foot in the mouth, 
he had to bear the consequences. Without bothering to see 
whether Vetal was still lodged on his shoulders, he turned 
back. 
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Vikram was sure that Vetal was going to ask him about the 
jet lag. He had handed that topic to the genie on a platter. 
He started, therefore, to organise in his mind the informa¬ 
tion he had on the issue. He also realised with a growing 
sense of fatigue that this certainly would not be his last trip. 
There was sure to be at least one more. Once he had fin¬ 
ished dishing out all that he knew about jet lag, the phantom 
would go back and wait for him at the tree. He would, there¬ 
fore, have to be extra vigilant and not give to the apparition 
any more readymade questions. 

Vetal, as expected, raised the issue of jet lag. He was 
intrigued by that term. How can there be any lag when trav¬ 
elling with jet speed, he wondered! "You should have told 
me Vikram, without my having to coerce it out of you. But if 
you derive some pleasure in torturing yourself in this 
fashion, I won't like to deprive you of that joy. You have 
already mentioned this business of jet lag. If I assume that 
you know what it is, I will not be wrong. Will I? So why 
don't you come clean and start explaining it in detail?" 

"The Earth is constantly spinning. So the noontime, that 
is the time at which the Sun appears exactly overhead, is 
not the same at different places. There is bright sunshine 
here because it is daytime. But somewhere else on this Earth 
it will be pitch dark because it will be the thick of night. The 
body clock of people there would be instructing them to 
sleep. Supposing we are able to transfer ourselves there in 
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an instant, our body clocks will tell us that since it is day, it 
is time to work. But we will not be able to even start anything 
since it will be night there. By the time the working hours 
commence, we would be fast asleep because our body clock 
would instruct us to do so. There will be no correlation be¬ 
tween our internal clock and the local time. Eventually our 
body will fall into synchrony with the local time in that place. 
But it would take some time. It cannot happen instanta¬ 
neously. In the interim period, we would be beset with this 
phase difference between the two times—the one according 
to the body clock and the actual local time. That will result 
in the dysfunction of our metabolic routine. This adverse 
impact on the efficiency of several normal physiological func¬ 
tions is known as the jet lag. 
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"The body clock no 
doubt responds positively 
to the clues provided by 
the local environment and 
t it 'If t th 
time. That, nevertheless, 
occurs at a slow pace. As 
long as man travelled on 
horseback or in a bullock 
cart, the altered local time 
did not pose any problem. 
The internal clock had 
ample time to retune itself. 
Our travelling speed was 
negligible compared to 
that of the rotation of the 
earth. But then we 
developed steam engine 
and rail travel. That 
brought about a radical 
transformation of the 
w o e scene. Di erent 
local times posed 
problems even as the 
time-tables for the trains 
were being drawn. When 
the Sun comes overhea 
in Mumbai, it is already on 
it~ d~wnwa~d p~th in 
Kolkata. If the time-table 
of the train is now set 
without taking into 
account this difference, it 
would cause all sorts of 
headaches for everyone 
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Fig. 49.2: Jet Jag. 
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concerned. The situation became more acute when air travel 
became popular. The speeds with which man travelled 
compared favourably with that of the Earth's rotation. 

"The necessity of defining a world standard time was 
acutely felt. The universal time came into existence. The 
globe was now divided in several time-zones. The local 
time in different time-zones differed from each other. As 
air travel became more popular, it went through successively 
speedy transformations. Jet engines started propelling 
aircrafts at phenomenal speeds. Passengers travelling in 
such jet aircrafts crossed several time-zones in just one flight. 
The discord between the body clock and the local time 
assumed a serious proportion. Till that dissonance 
disappeared, the passenger suffered jet lag. The length of 
the flight was not the critical issue. The most important single 
factor was how many time-zones one crossed. People can 
suffer jet lag travelling in the east-west direction or the 
reverse. They would be much less affected by a north-south 
flight of the same duration. Usually, going east is worse than 
going west. 

"Jet lag manifests itself as fatigue. Being worn out and 
tired for days after arriving, generally accompanied by a lack 
of concentration and motivation, especially for any activity 
that requires effort or skill, such as driving, reading or dis¬ 
cussing a business deal, is quite common. But even simple 
daily activities can become difficult, and one's capacity to 
truly enjoy a holiday even as a tourist is significantly 
reduced. One also suffers disorientation and fuzziness, 
resulting in being irrational and bad-tempered. One gets 
hungry at odd times. Bowel movements occur at very 
inconvenient times, adding to the irritability. 

"It is true that the exceptional speeds of the jet plane 
are responsible for this syndrome. But the real culprit is 
crossing of several time-zones during one single flight. The 
discordance between the body clock and the local time is 
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the root cause. There is no use blaming the jet planes." 

Having achieved his goal of making Vikram break his 
pledge, Vetal disappeared with jet speed to his favourite 
abode without showing any fatigue whatsover. 



50 


8 DECEMBER, 2000 


For the first time Vikram turned around without feeling de¬ 
jected. He was eager to hoist Vetal on his back and start the 
journey towards his goal. He almost felt like whistling for 
he was reasonably certain that this would be the last time he 
would be carrying that burden. He could not see the phan¬ 
tom asking him any question. He had tied up all the loose 
ends and left no room for the genie to get a new toe-hold. 
He started making good time. 

But he was in for a rude shock. The spirit had listened 
to his discourse on the jet lag with rapt attention. That had 
helped him find his way to a new territory left unexplored 
so far by Vikram. He did not keep Vikram waiting any more. 
"I recall your telling me about the universal time. But at that 
time you did not say anything about the different time-zones 
that were established in its wake. I hope this was not done 
on purpose. I will be charitable in assuming that our atten¬ 
tion was diverted elsewhere and then there was no occa¬ 
sion to turnback to the subject. Well, now that it has cropped 
up, you had better start giving me all the details. Failure to 
do so would..." 

Vikram cut him short and did not allow him to describe 
the consequences in all their gory details. He recognised that 
it was impossible to explain what causes the jet lag without 
mentioning the time-zones. It was also inevitable that the 
phantom would then want to know more about those. "As 
you have seen, the local time varies as we go to different 
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places. It was necessary, therefore, that the local time at a 
single place be taken as the reference point for standardising 
world time. By unanimous agreement the Royal' Observa¬ 
tory at Greenwich, near London, was accorded this honour. 
It was but natural that the longitude of Greenwich be cho¬ 
sen as the starting point or the zeroeth degree. It is now 
called the Greenwich meridian. 

“The Earth goes around itself in twenty-four hours. To 
put it another way, it moves through an angular distance of 
360 degrees during that period. It thus takes one hour to go 
through 15 degrees. It implies that the local time changes by 
one hour as one traverses a distance of that magnitude. The 
Earth was therefore divided into twenty-four time-zones, 
each one hour apart. The local time over the area spanned 
by seven-and-a-half degrees west of Greenwich meridian 
and seven-and-a-half degrees east of that was considered to 
have the same local time as that at Greenwich. The area lying 
between seven-and-a-half degrees east and twenty-two-and- 
a-half degrees east had a local time that was one hour ahead 
of the Greenwich time. As one went further east, the local 
time was progressively ahead in steps of one hour. Some of 
these areas are densely populated. There is more than one 
country in the area spanned by 15 degrees of longitude. To 
make it more convenient and user-friendly, some of these 
time-zones were further sub-divided and half hour time- 
zones were established. Thus India finds itself in a time- 
zone that is five-and-a-half hours ahead of the Greenwich 
time. At the stroke of midnight at Greenwich, clocks at 
Mumbai or New Delhi show the time as 5.30 in the early 
morning. 

"Countries like the United States, for example, are 
spread over a vast region in the east-west direction. To have 
one time-zone throughout would not be practical in such 
circumstances. So it has four different time-zones. The local 
time on the eastern seaboard is different from the one on the 
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Fig. 50.1: USA time-zones. 


Pacific coast by as much as three hours. On the other hand, 
China, which is similarly laid out, did not quite relish the 
idea of different time-zones. A single time-zone, therefore, 
covers the entire wide area. Unsurprisingly, the reference 
line for a particular time-zone does not always run parallel 
to a longitude but goes over a zigzag path. At places it skirts 
an inconvenient point in a roundabout fashion. Some of the 
time-zones extend entirely over the oceans. There is no land 
within its boundaries. Particularly the vast expanses of the 
Pacific and the Atlantic oceans have such areas. A few scat¬ 
tered islands, nonetheless, do support sporadic human habi¬ 
tats in these zones. The actual local time there does not al¬ 
ways correspond to that dictated by the time-zone. But those 
people are not much bothered about the discrepancy. 

"Though the establishment of time-zones solved one 
thorny problem, it threw up another tricky challenge. As 
one travels east from Greenwich, the local time advances 
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progressively by one hourly increment. Likewise, as one jour¬ 
neys west of Greenwich, it falls behind in successive steps 
of one hour each. A new conundrum thus confronts us when 
one reaches the longitude of 180 s . The traveller who had 
taken the eastern route would vouch that the time there is 
twelve hours ahead of Greenwich Mean Time. In contrast, 
the other voyager having arrived there by the western course 
would aver that it is twelve hours behind Greenwich. Who 
is right? Apparently both are. And that creates a tricky 
situation. To avoid the ensuing confusion, the International 
Date Line was brought aboard. According to this concept, 
anyone crossing the 180 s longitude will have to change his 
watch by one full day. One crossing from the east would 
lose one day, meaning that he will go through the same day 
and date one more time. In contrast, the one crossing it in 
the reverse direction would gain one day, implying that he 
will leapfrog over one day. Initially the 180 s longitude itself 
was considered as the International Date Line. However, that 
longitude passes through some populated areas. The 
confusion there would have been compounded because two 
households barely apart but on two sides of that meridian 
would have had to observe two different dates. So the date 
line was bent to ensure that it passes over high seas and not 
over any inhabited land. I hope this clears the confusion in 
your mind about these time-zones." 

Vetal, however, did not care to respond. Having 
achieved his avowed purpose, he had crossed over to his 
own zeroeth meridian of the pipal tree. 
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Vikram turned around reluctantly. Against his will he started 
walking back towards the tree from which the phantom was 
hanging. He could not quite imagine the sorts of questions 
that the spirit would ask now. He cursed himself. He should 
not have allowed Vetal the chance to escape to his shelter. 
However, he had no control over it. The moment he broke 
his silence, even under duress, the apparition had his way. 
All that he could do was to ensure that he did not leave any 
loose ends, which allowed the genie to open a new avenue. 
This is what he felt he had done now. He did not see how 
the spirit could rattle him with any unexpected question. 

The thought gave him new hope and he started walk¬ 
ing animatedly. Suddenly, he found himself in front of the 
pipal tree. He went about his task of taking the phantom 
down from his high perch with zeal. The next moment he 
started trudging back towards his goal. 

Vetal kept quiet for a while. He had come to admire the 
perspicacity of Vikram. The latter, he could see, was deter¬ 
mined to accomplish his mission against all odds. The king, 
therefore, did not shy away from answering all sorts of tricky 
questions that Vetal could come up with. Yet, the phantom 
did not want to articulate his appreciation of Vikram's re¬ 
solve. Moreover, there were still a couple of vague doubts 
that were troubling him He decided to talk about them, hop¬ 
ing that the loud thinking would result in some sensible 
question that Vikram would be obliged to answer. "I thought 
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that I had understood all that you have been saying about 
time. But this issue of time-zones makes me to have second 
thoughts. I was under the impression that the very first ques¬ 
tion that I asked of you, and which started this entire saga, 
was neatly and properly answered by you. I was satisfied at 
the time. But now that you have mentioned these time-zones 
I have started having some doubts. If the local time were 
different at different places on the face of this Earth, then 
where exactly would the oncoming millennium set foot first? 
Where should I go if I wish to welcome the new millen¬ 
nium? Where should I camp myself if I wanted to watch the 
Sun rising on the new millennium? In which direction should 
I proceed so that I can look at the Sun going down on the 
second millennium? Tell me. Don't waste any time. As you 
were saying, the new millennium is almost there. There is 
not much time left." 

Vikram too was appreciative of Vetal's reasoning. It was 
clear that he was not asking these questions merely to keep 
Vikram from completing his mission. The quality of those 
questions bespoke the deep interest the genie had taken in 
the matter as also his sense of logic. The question that he 
had raised may appear rather casual on the face of it. 
Howeve, that betrayed its true value. Nonetheless, Vikram 
could not think of a short and straightforward answer. So 
he said, "I wish I could come up with a brief and direct an¬ 
swer to your questions. But the answer would depend on 
the perspective one chooses to adopt. Do we herald the new 
millennium according to the universal time? Alternatively, 
would the local time assume importance? That will decide 
the precise answer to the questions that you have asked. 
Even though the universal time was adopted unanimously, 
there is no such all round agreement on the exact moment 
or location where the new millennium were to show up. 
That is the reason several people, who have been otherwise 
rational, were too eager to launch the new millennium at 
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the end of the year 1999. So if you wish to have unambigu¬ 
ous answers to your queries, we will have to first decide on 
the location where the new year dawns. You were also talk¬ 
ing about the first ray of the new millennium and the last 
one of the old. That too will have to await our decision on 
the precise spot where the new millennium sets foot. 

"But making up our mind on that count is not at all 
easy. There are several complications. The Sun never sets on 
the South Pole in the month of December. It might feign to 
go down the horizon. But like a prankster child playing 
peekaboo, it would show up the very next instant. So if you 
wished to watch both the last ray of the Sun belonging to 



208 


ABOUT TIME 


the old millennium and the first one of the new millennium, 
the South Pole would be the place. That situation prevails 
all over the Antarctic. So any place on that continent would 
be good enough. You can stay put at one place to say fare¬ 
well to the second millennium and hail the third one. It also 
would not matter which time standard you choose to set 
your watch by. Whether you observe the universal time or 
the local time would not make any difference whatsoever. 
Because the Sun would be shining continuously, if in a some¬ 
what wan manner. 

"That said, I must admit that it would be an artificial 
state. I would not be able to vouch that I have truthfully and 
in every respect answered your questions. I would have told 
the truth but perhaps not the whole truth. To do so, we would 
have to first of all agree upon the location where a new mil¬ 
lennium, the first century of that millennium, the first year 
of that particular century, the month of January in that year 
and the first day of that month dawns. That is not so simple. 
If we were to take cognisance of local traditions, then ac¬ 
cording to our belief a new day begins at sunrise. On the 
other hand, the West considers midnight as the moment of 
beginning of a new day. So, unless you specify which of 
these traditions you follow, which standard of time you 
observe, I shall not be able to provide you with entirely sat¬ 
isfactory answers." 

Vetal was totally baffled by Vikram's logical yet com¬ 
plicated reasoning. He needed some time to think before 
telling Vikram of his decision. What better place to cogitate 
in tranquillity than the pipal tree, he thought. The next mo¬ 
ment he was there. 
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At last, Vikram thought, he had found a way of keeping 
the phantom quiet, of not leaving him any chance of coming 
up with a fresh question. Diligently and satisfactorily an¬ 
swering all sorts of question that Vetal had come up with 
had gotten him nowhere. He was still where he was when 
he embarked on this venture. But now he had managed to 
turn the tables. He had given the apparition a bit of his 
own medicine by asking a question in response, instead of 
merely responding in a meek way. Still, he had a nasty 
suspicion lurking in the corners of his mind. Wily that 
the spirit was, he might yet be able to extricate himself 
out of this predicament and throw the ball back into 
Vikram's court. He did not want to celebrate prematurely. 
He put the genie on his shoulder and started walking 
gingerly. 

Hardly had he taken a few steps when the apparition 
spoke up, "You have given me a difficult choice. I am not 
able to decide which reference time system I should go in 
for. Perhaps, it might help me if I were to learn of the 
possibilities each one of them hold out. I should, therefore, 
advise you to put me wise with respect to the first sunrise 
according to universal standard time as well as the local 
time. Only then I would perhaps be able to opt in favour of 
one of them to the exclusion of the other. Since you asked 
me to choose between the two, it is obvious that you know 
the answers to both of them. Why are you then striving 
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hard to withhold one of them from me?" 

Vikram could not but acknowledge the dexterity 
with which the spirit had disentangled himself out of a 
slippery situation. Now he had to start talking about both 
the situations. There was no escape from that. "If we 
stick to the universal standard time, then without doubt, 
the new millennium will make its beginning at Greenwich 
at the commencement of 1 January, 2001. At the stroke of 
midnight of 31 December, 2000 the curtain will be brought 
down on the second millennium. It would, undoubtedly, 
be night there. So, there will be no question of seeing the 
first light of the new millennium. It would be another few 
hours before the Sun would get to show up there. But at 
the precise moment when the new millennium makes its 
first appearance at Greenwich, the Sun will be ready to 
peek over the eastern horizon all over the longitude that 
passes through the Nicobar Islands. So if one wishes to 
salute the first Sun of the new millennium, they will have 
to come to India and head over to its south-eastern part. 
That, of course, is not the only unique place where one 
will encounter the Sun for the first time in the new 
millennium. 

"That particular longitude passes to the north, through 
parts of Myanmar and Thailand over to large tracks of 
China, then on to Outer Mongolia and further on to Siberia, 
touching the parts of the Arctic. To the south of Nicobar is 
only the Indian Ocean. So the Sun will grace with its inau¬ 
gural presence all that territory. You could go to any of these 
places to set eyes on that historic first sunrise. 

"That would be the case should you opt in favour of 
the universal standard time as your system of reference. 
On the other hand, one could go in for the local time. In 
that case the first sunrise, perforce, will take place on the 
International Date Line. But that line passes mainly through 
high seas. There is no inhabited place anywhere. One would 
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have to take a cruise ship perhaps to go the spot to set eyes 
on that first light. Further south, the line does pass through 
parts of the Antarctica. There is land there as also some 
permanent research stations of a few countries, including 
India. But during December, it is summertime there. So the 
Sun.is always shining in the sky. It does not set, nor does it 
rise. One cannot, therefore, assign any particular ray as the 
last light or the first light. 

"If one has to look diligently for an inhabited and 
landbound place where the first sunrise is to take place, 
one will have to take off for the Chatham Islands belonging 
to New Zealand. The Kahuatara Point in the Pitt Islands 
would be the ideal spot for the purpose. There the Sun will 
rise at forty minutes past four o'clock local time. Of course, 
at that moment it will still be 31 December, 2000 at Green¬ 
wich and hence, the new millennium would not have com¬ 
menced according to the universal standard time. 

"The Kiribati Islands have added to the confusion. 
Parts of these islands stretch to the east as far as the 150 2 
longitude. That is a full 30 s east of the International Date 
Line. That would have given rise to the problem of having 
two different dates in different parts of the island. To 
avoid the ensuing complications the line was pushed, in 
1995, to the east, around the islands placing entire Kiribati 
to the west of the line. Still it could vie for the honour of 
being the first to watch the Sun come up on the new 
millennium. 

"If one wants to claim honestly the distinction of hav¬ 
ing actually seen the first sunrise of the new millennium, 
one will have to pray for good weather. Otherwise, one 
could be at the right place only to find the fun spoiled by 
clouds hiding the Sun. The Sun could still scatter a few 
rays around the clouds and give us a glimpse. It would, 
nonetheless, be rather sparse and nebulous. How can you 
then expect a clear-cut answer from me?" 
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This time Vikram had deliberately asked that ques¬ 
tion. This was his way of stymieing the spirit and making 
him dumbfounded. He had succeeded in that since the 
phantom was indeed stupefied. Nonetheless, that did not 
stop him from heading off to the pipal tree. 
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Taking big strides, Vikram had started marching decisively 
towards his goal. Confidence oozing from every pore of his 
being, he was certain that this time around he had scored 
over the phantom. He was sure that Vetal would not able to 
come up with any question, neither simple nor complex. He 
had neatly tied up all loose ends and divested himself of all 
relevant information. There was nothing more left to be said. 

Engrossed in his thought he had covered good ground. 
That should have made him happy. Instead, strangely 
enough, he was uneasy. He had become accustomed to the 
genie arresting him in mid-stride by making some comment 
or asking another question. He was not used to his silence. 
For a moment he toyed with the idea of himself rousing the 
apparition from his apparent snooze. 

He was about to do that when he suddenly felt the load 
lift. The load on his back seemed to have disappeared. He 
glanced around, only to find that Vetal had vanished. He 
was no longer where he should have been. That was indeed 
surprising. How could he have vanished without making 
Vikram break his silence? That was uncharacteristic of him. 
Was he up to some totally unforeseen ploy? 

Suddenly, Vikram was stopped in his tracks. A tall, 
majestic figure loomed over him. Handsome and charming 
he was and there was a halo all round him The brilliance of 
that halo made Vikram blink. 

All of a sudden, the figure spoke in a deep resonant 
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voice. Although they were out in the open, his words seemed 
to reverberate as if they were both standing under the closed 
dome of a whispering gallery 

"You look utterly perplexed. You don't appear to have 
recognised me, Vikram!" 

Vikram felt and look confused. The voice sounded un¬ 
cannily familiar.' Yes! Of course! It is the phantom's voice!' 
thought Vikram. The next moment doubts assailed him. How 
could it be? The individual before him bore no resemblance 
to the genie. The figure recognised Vikram's discomfiture 
and again addressed him in the same sonorous voice. "Don't 
look so bewildered. I am what you call Father Time. You do 
not recognise me because your perceptions of me are quite 
different. I find that every year, on the last day, your 
newspapers invariably publish a caricature of me. I am 
shown to be an old haggard man, my face laced with 
wrinkles. The white flowing robe on me is in tatters. With 
one hand I hold a scythe with a long blade and with the 
other a lantern that is barely alive. In that cameo role I am 
shown to be taking leave, weary and shattered in spirits. 

"Alongside you also depict a buxom, bonny child clad 
only in its nappies, cheerfully crawling ahead. Hope and 
joy are written large on its face. It is your way of ringing out 
the old year and ringing in the new. But those pictures dem¬ 
onstrate the stereotyped view you have of me. 

"Both of them are way off the mark. I am Time. I do not 
take leave nor do I enter. I have always been here, and so 
dlw&fs be. There is no beginning for me; nor an end. 
There is no birth or indeed death for me. I am eternal. I am 
forever. 

"Last year I found a good many amongst you getting 
top^genand prematurely welcoming the new millennium. 
TheyjVer^ apparently ignorant about me and my ways. So I 
disguised myself as Vetal, who is familiar to you in order to 
test you. You are not an ordinary soul. There is a calendar. 
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the Vikram Samvat, named after you. So you are one of those 
legendary timekeepers. I wanted to find out if at least you 
have adequate knowledge about me. I am sorry that I made 
you walk back and forth and tried your patience with all 
sorts of awkward questions. But you were not deterred. You 
proved yourself equal to all those trials that I devised. I am 
happy that you passed the test with flying colours. 

"However, you failed to recognise me when you saw 
me. That is not your fault. Because, as you yourself have 
stated, I am not a concrete entity. So I do not have any form 
or shape or size. I don't have any volume or weight or colour. 
I am abstract. Why should I, therefore, expect you to 
recognise this tangible form that I have adopted so that I 
can engage you in a dialogue? But that is not the question. 
Indeed, there are no more questions. You have answered 
them all and some more. I am thoroughly pleased with you. 
It is people of your ilk, with their dogged pursuit of truth 
and knowledge, who can lead humanity to times of peace 
and prosperity in the coming millennium. I do not want to 
set up any more obstacles in your path. Let me wish you 
well. To put it in the words of your ancient sages, ‘Shubhaste 
panthana santu'. Bon voyage." 

And so Vikram and Vetal went marching ahead, hand 
in hand, locked in step, towards the brightening horizon 





"Time present and time past 
Are Both perhaps present in time future , 

And time future contained in time past. 

If all time is eternally present ..." 

—T.S. Eliot 

Time assumes a mystic, surreal character when one realises that it has no 
beginning nor end. It is eternal. It flows only in one direction, from the 
past to the future, though mathematics tells us that there is no earthly 
reason why it cannot flow in the reverse direction. 

As if these absurdities were not enough, Albert Einstein queered 
the pitch by promulgating that time is the fourth dimension in which the 
Universe exists; that it is inseparable from space. Further, there is no 
absolute time but that it is dependent on the frame of reference of the 
observer. 

Perhaps Einstein or Stephen Hawking who dared to write A Brief 
History of Time can claim to have understood time in its entirety. Mere 
mortals like us can only make a brave attempt to do so. This is one such 
attempt. 
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